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ANTIBACTERIAL AGENTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This Is a continuation-in-part of United States Application Serial No. 147,482 filed January 25, 198a 

5 

BACKGROUND OF THE INVENTION 

70 US Patent 4,341,784 discloses certain substituted 7-(3-arnino-1-pyrrolldlnyl)-1-ethyl-6-fluoro-1 l 4-dihydro- 
4-oxo-l, 8-naphthyridine-3-carboxylic acids having the general formula: 



20 c aH5 

NHR 



25 



The compounds are disclosed to have antibacterial activity. 

The Journal of Medicinai Chemistry, 23,1358 (1980) jdiscloses certain substituted quinoline-3-carboxyiic 
acids having the structural formula 

0 

30 F N t X S V^>^ C02H 
33 C2H5 



wherein 

40 



-o 



may be pyrrolidinyl. See also US Patent 4,146,719. The compounds are disclosed to have antibacterial 
activity. 

Certain 7-heterocyclic substituted 1,8-naphthyridines are disclosed in Eur. J. Med. Chem. - Chemica 
Therapeutica, 29 t 27 (1977). US Patents 3,753,993 and 3,907,808 disclose certain 7-pyridylquinolones. 
European ^Patent Applications 229,635 and 208,101 cover certain 1 ,8-bridged-l , 4-dihydro-4- 
s0 quinolinones having the formula 
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?5 © 




(CR1R2)! 



10 



wherein Xi is hydrogen. NO2. 1-3C alkyl or halogen; Xa is halogen. l-3C-alkyi, l-3C-ailcy!sulphenyl or 
16 optionally substituted phenylsulphenyl; X5 is hydrogen, halogen or methyl. 

US Patent 4.774,246 discloses certain substituted 1-phenyl-8 i 8-difluoro-1 l 4^ihydro-4-oxo-7-(1- 
pipera2inylHuinoline-3-carboxylic acids of general formula 

20 ^ JL B 

■C-ORi 



26 



30 



39 



40 



US PATENT 4,704,459 discloses a process for certain 1 -substituted aryl-1 ,4-dihydro-4-oxonaphthyridine 
derivatives "of general formula 



•xtr 



R 4 * N * 




46 US Patent 4,648,1 44 discloses certain 1 ,8-naphthyridine derivatives of general formula 

0 



,COOH 

so 



YxY' 



R X NH 

55 . 

US Patent 4,571,396 discloses certain naphthyridine-quinoiine-, and benzoxazine-carboxylic acids with a 
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bridged side-chain at the seven-position. 

Copending US application 080,113 discloses certain naphthyridine-, quinollne-, and benzoxazine- 
carboxyiic acids with a bridged side-chain at the seven-position and a hydrogen, fluoro or amino at the five- 
position. 

5 The references teach that these compounds possess antibacterial activity. 

SUMMARY OF THE INVENTION 

to 

One aspect of the present invention is a compound of Formula I 



is 




R 2 



20 

or a pharmaceutical^ acceptable acid addition or base salt thereof wherein Z is 

25 
30 
35 
40 
45 
50 



55 
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NR9R* 
(CRsR«) a 



or 



rs 



so 



V 



25 



30 



35 




wherein R* is hydrogen, alkyl of from one to four carbon atoms, or cycloallcyl of from three to six carbon 
atoms, R' is hydrogen, hydroxyi, alkyl of from one to four carbon atoms, phenyl or phenyl substituted by 
halogen, alkyl or alkoxy, n is an integer of from 0 to 4. Rs and Rc are each independently hydrogen, lower 
alkyl or cycloalkyi; X is CH, CF, CCI, CBr, N. CCF 3 , CNH 2( CNOa. CR. or COR wherein R is lower alkyl 
and R" is hydrogen or lower alkyl; 

R3 is lower straight branched, or cyclic alkyl of from one to three carbon atoms; 
R 2 is alkyl of from one to four carbon atoms, vinyl, haioalkyl, hydroxyalkyl of from two to four carbon atoms, 
cycloaikyl of from three to six carbon atoms, phenyl or phenyl substituted by halogen, alkyl, NH 2 or OH; 
R1 is hydrogen, alkyl of from one to six carbon atoms, or a cation. 

The preferred compounds of this invention are those wherein X is CH, CF, CCI, or N. 

Also preferred compounds of the invention are those wherein R 2 is cyclopropyl, ethyl, or 2,4- 
difluorophenyl. 

Other preferred compounds of the invention are those wherein Ra is methyl, ethyl, isopropyl, or 
cyclopropyl. 

Other preferred compounds of this invention are those wherein Ri is hydrogen or a pharmaceutically 
acceptable base salt such as a metal or amine salt. 

Other preferred compounds of this invention are those wherein Z is 
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NRjR« 
(CRsR«)i 



R4-M 



J 



V 



— or 



wherein FU is hydrogen or methyl, R is hydrogen or methyl, n Is 0, 1, or 2, R9 and Rs are each 
independently hydrogen or methyl. 

Particularly preferred compounds are those where Z Is selected from the group consisting of 



CH 3 



CH3 



CH 3 N N— 



CH 3 
CH 3 



CH 3 



H 2 N 



HN 



HN 



or 



H! Xj>- • 



6 
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Most preferred compounds include those wherein X is CH, CF. CCI; F*2 is cyciopropyl; Ra is CH 3 , Et 
Ri is H; and Z Is 




CH 3 



Particularly preferred compounds of the invention are compounds having the names: 
1 -cyclop ropyi-8,8-difluoro-1 ,4Kiihydro-5-metehyM-oxo-7-{1 -piperazinyiy-3-quinoIinecarboxyiic acid, 
7K3^ino-1-pyrroiidinyi)-1-cyclopropyi-e f 8Kiifiuoro-1 ,4-dihydro-5-methyl-4-oxo-3-quinoiinecarboxyiic acid, 
1 -cydopropyl-7-{3-tethy lamino)methy -pyrroli-diny l]-6,8-difluoro-1 ( 4-dihydro-5-methyi-4-oxo-3- 
quinolinecarboxylic acid, 

7-t3-<aminomethy l)-3-methy 1-1 -pyrrolidinylj-l -cyclopropy l-6.8-difluoro-1 ,4-dihydo-5-methy M-oxo-3- 
quinolinecarboxyflc acid, 

1-cyclopropyl-6,8-difluoro-1 ,4-dhydro-5-methyl-7-{3-methyl-1 -piperazinyl}-4-oxo-3-quinoiinecarboxylic acid, 
1-cyciopropyl-6-fluoro-1 ,4^ihydro-5-methyl-4-oxo-7-{l-pi^ acid, 
1-cyclopropyl-6-fluoro-1 ,4Kiihydro-5-methyl-7-(3-m^^ acid, 
7-(3-amino-1-pyrrolidinylH-cyc*opropy^6-fiuoro-1 ,4-dihydro-5^nethyi-4-oxo-3-quinolinecarboxyiic acid, 

6- fiuoro-l -(2.4-difIuorophenyiH ,4-dihydro-5-methyl-7-(3-methy 1-1 -piperaziny l)-4HDXO-3-quinolinecarboxyiic 
acid, 

7- {3-amino-1-pyrroiidinyl)-6-fluoro-1 -(2,4-difluorophenylH ,4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic 
acid, 

7-[3-amlnomethyl)-3-methyM -py rrolidinyf]-6-fluoro-1 -(2,4-difluorophenylH ,4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxyiic acid, 

7«(3-<endo-amino)-8-azabicydo[3.2.1 ]oct-8-yl]-8-chloro-1 -cydopropyi-6-fluoro-1 ,4-dihydro-5-methyl-4-oxo-3- 
quinoiinecacboxylic acid, 

and pharmaceutical^ acceptable acid addition or base salts thereof. 

Other preferred compounds of the invention are compounds having the names: 
1 -cyclopropy l-6,8-difluoro-1 ,4-dihydro-5-ethyl-7-[3-methyi-1 -piperaziny IH-cxo-3-quinoynecarboxyltc acid, 
7-(3-amino-1 -pyrrolidinyl)-1 -cyclopropy l-5-ethy W,8-difluoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxy lie acid, 
7-(3-amino-1 -py rrolidinyl)-1 ,5-dicyclopropy l-6,8-difluoro-1 ,4-dihydro-4-oxo-3-quinolinecaboxy lie acid, 
1^yclopropyi-7-[3-{<ethylamino)m^^ 
quinolinecarboxyiic acid, 

7-{3-(aminomethyl)-3-methyl-1 -pyrrolidiny i]-1 -cyclopropy l-6-fluoro-1 ,4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxyiic acid, 

7- (3-amino-1 -pyrrolidiny l)-8-chloro-1 -cyclopropyl-6-fluoro-1 ,4-dihydro-5-methy l-4-oxo-3-quinolinecarboxy lie 
acid, 

8- chloro-1 -cydopropyl-7-l3-{(ethy lamino)methyl]-1 -pyrrolidlnyl]-6-fluoro-1 ,4-dihydro-5-methy l-4-oxo-3- 
quinolinecarboxyiic acid, 

8-chloro-1 -cyclopropyl-a-fluoro-1 ,4-dihy dro-5-methyl-4-oxo-7-(1 -piperaziny l)-3-quinolinecarboxy lie acid, 
8-chloro-1 -cyciopropyl-6-fluoro-1 ,4-dlhydro-5-methyl-7-(3-methyl-1 -piperazinyl)-4-oxo-3-quinolinecarboxyiic 
acid, 

7-(3-<aminomethyl>-3-methy1-1 -pyrroiidinyl J-S-chloro-1 -cyclopropyl-6-f luoro-1 ,4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

7- {3-amino-1 -pyrrolidinyl)-8-bromo-1 -cyclopropyl-6-f iuoro-1 ,4-dihydro-5-methyl-4^)xo-3-quinoiinecarboxy lie 
acid, 

8- bromo-1 -cyclopropyl-6-«uoro-1 ,4-dihydro-5-methyl-7-(3-methyl-l -piperaziny l)-4-oxo-3-quinolinecarboxy lie 
acid, 

7-{3-(aminomethyl)-3-methyl-1 -pyrrolidinyi]-8-bromo-1 -cyclopropyl-6-fluoro-1 ,4-dihydro-5-methyl-4-oxo-3- 

quinolinecarboxylic add, 

7-<3-amino-1 -pyrrolidiny 0-1 -<^clopropyi^^ 

add, 

1 -cyciopropyl-7-{3-{(ethyiamino)methylh1 -pyrroiidinyl J-6-fiuoro-1 ,4-dihydro-8-hydroxy-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

1 -cyclopropy l-6-fluoro*l ,4-dhydro^ydroxy-5-m^ a c id « 
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7-(3-amino-1 -pyrrol!dlnyl)-1 -cyclopropy l-6-fIuoro-1 ,4Hllhydro^nethoxy^nethyM-oxo-3- 
quinolinecarboxyiic acid, 
1^yctopropyl-7H3K{ethyia^ 

quinoGnecarbaxylic acid, 
s 1-cycIopropyl-6-fluoro-1 ,4-dlhydrod-methoxy-7-(3-methyl-1 -piperazinyl)-5^nethyM-oxo-3- 
quinofinecarboxylic acid, 

7^3-amino-1i»yrrofidinylH^dopropyl-6-fluo^ 
actdt 

1 -cyciopropy (-6-fluoro-1 ,4-dihydro^-methy l-7-(3-fnethyM -plperaziny l)-8Hiitro^xo-3-quinolinecarboxy lie 

ro acid, 

7- [3-(aminomethyl)-3^ethyi-1i)^ 
quinolinecarboxyiic acid, 

8- amino-7-{3-amino-1 -pyrrolidiny IH -cydopropyl-6-fluoro-1 ,4<iihydro-5-methy M-oxo-3-quinolinecarboxy lie 
acid, 

76 8-amino-lH^dopr0py^uoroM,4«ii^ 
acid, 

5- amino-7-{3-(aminomethyi)-3-m0thyi-1 -py rroIIdlnylH -cyciopropy l-6-fluoro-1 ,4-dihydro-5-methy W-oxo-3- 
quinolinecarboxylic acid, 

7-(3-amino-t-pyrrolidlnylH -cyciopropy l-6-fluoro-5-methyi-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxyiic 
20 acid, 

1 -cyciopropyi-6-f luoro-1 ,4-dihydro^-fnethy l-7-(3-m8thyl-1 •piperaziny l)-4-oxo*1 ,8TOphthyridine-3-carboxylic 
acid, 

1 -cyclopropyl-5-ethy i-W!uoro-1 ,4-dihydro-4-oxo-7-<1 -piperazinylH ( 8-naphthyridine-3-carboxylic acid 

Q ^amino-1i>yrralidinylK 
Q 25 quinofinecarboxylic acid, 

6.8-difluoro-1 -(2,4-difiuorophenylM ,4-dihydro-5-methyl-7-(3-methyl-1 -piperazinylH-oxo-3- 
quinofinecarboxylic acid, 

7-[3-(aminomethy i)-3-methy M -pyrrolidinyll-6,8-difiuoro-1 -(2,4-difluoropheny i)-1 ,4-dihydro-5Hfnethyi-4-oxo-3- 
quinoiinecarboxyiic acid, 

30 7-(3-amino-1 -pynolidinyl)-1 -ethyl-6,8-difluoro-1 ,4-dihydro-5-methy i-4-oxo-3-qutnolinecarboxy lie acid. 
1-ethyl-7^3^(ethylarnino)methyiH-p^ 
quinolinecarboxyiic add, 

7-(3-amino-1 -pyrrolidiny i)-e.8-dffluoro-1 -(2-fluoroethylM .^ihydro-S-methy M-oxo-3-quinolinecarboxy lie 
acid, 

36 6,8-dffluoro-l -{2-fluoroethy IH ,4-dihydro-5-methyl-4-oxo-7-(1 -piperazinyl)-3-quinoiinecarboxy lie add, 
7-{3-amino-1 -pyrrolidiny l)-6,8-difluoro-l ,4-dihydro-5-methy l-4-oxo-l -viny l-3-quinolinecarboxylic acid, 
6,8-difluoro-1 l 4-dihydro^memyi^xo-7-{1-pip8razinyl)-1-vinyi-3^uinolinecarboxylte add, 
6,8-diftuoro-1 f 4-dihydro-5Hnethyl-7-(3-methyi-1 -piperaziny IH-oxo-1 -viny l-3-quinollnecarboxyiic acid, 
7-<3-amino-1-pyrrolidinyl)-^^ 
40 acid 

6- fluoro-H2,4-difluorophenylH.4^i^^ 
quinolinecarboxyiic acid, 

7- (3-amino-1 -pyrrolidlnylH -ethy l-6-fluoro-1 ^ihydro-^ethyM-oxo-S-qulnolinecarboxylic acid, 
1-ethyl-6-fluoro-1 ,4-dihydro-5^ethyl-4-oxo-7-{1-pipei^^ acid, 

45 7-I3H(ethylamino)methylH-pyra 
quinolinecarboxyiic acid, 

6- fiuoro-l -(2-fiuorethy l)-1 ,4-dihydro-5-methy l-7-(3-methyl-1 -pfperazinyiH-oxo-3-quinolinecarboxylic acid, 

7- (3-amino-1 -pyrrolldinyl)-6-fIuoro-1 -<2-fluoroethy M ^ihydro-S-methyl-^xo-S-quinolinecarboxy lie add, 

7- {3-amino-1-pyrrolidinyiH-fluoro-1 ,4-dihydro-5-methyl-4^xo-1-vinyl-3<iuinoIinecarboxy add, 
so 6-fluoro-1 i 4-dihydrO'^ethyK7-(3^ acW. 

8- chloro-7-(3-amino-1 -pyrrolidlnyl)-6-fluoro-1 -<2,4-difluorophenyl)-1 ,4-dihydro-5-methyM-oxo-3- 
quinolinecarboxylic add, 
8<hioro-6-fluoro-H2,4-difluorophenylM.^^ 
quinolinecarboxyiic add, 

56 7-[3-(aminomethy l)-3-methyl-1-pyrrolidinyll-8-chioro-6-fluoro-1 -{2,4-dtfiuoroprtenylH ,4-dihydro-5-methyl-4- 
oxo-3-quinoiinecarboxyfic add, 

8-chloro-6-fluoro-1 -{2,4-difluorophenylH ,4-dlhydro-5-methyl-7-(3,5-dimethyl-1 -piperazinyl)-4-oxo-3- 
quinolinecarboxylic add, 



8 
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8-chloro-1-ethyl-6-fiuoro-1 ,4Kiihydro-5-mettyl-4-oxo-7-piperazin^ acid. 
7-(3-amin<H-pyrrofldlnyl)-8^^ acid, 
a^loro-1-ethyl-7-[3-{(ethylamino^ 
quinolinecarboxylic add, 
6 7-(3-amino-1-pyrrolldlnyl)-8^^ 
add, 

8K*loro-6-fluora-1-(2^uoro^ 
quinolinecarboxylic add, 

7-<3-amino-1 -pyrrolWinyi)-8-chloro-e-fiuorc>*1 ,4-dihydro-5-methyl-4-oxo7l -vinyi-3-quinolin8carboxylic add, 
to a-chloro-e-fluoro-1 ,4-dihydro-5-methyW-oxo-7-{1 -piperazinylH -vinyl-3<|ulnolInecarboxy lie add, 

7-(3-amino-1 -pyrroi!dinyl)-1 -cydopropyl-6-fIuoro-1 ,4<iihydro^ ( 8Klim8thyM^o-3^uinolinecarboxylic acid. 

1 -cyciopropy l-6-fluoro-1 ,4-dihydro-5 f 8-dim8thyl-4-oxo-7-(1 -piperazinyl)-3^uinolinecarboxyiic acid, 

1-cyclopropyi-e-fiuoro-1 .^hydn^^ime^l^a-meth^^ acid, 

7^3-{aminomethyl)-3-methyM -pyrrol 
75 quinolinecarboxylic add, 

1 -cydopropyi-7-t3-[(ethy lamino)methyll-1 -pyrrolidinyl]-6-fluoro-1 ,4-dihydro-5,8rdimethy l-4-oxo-3- 

quinolinecarboxylic add, 

7^3-amino-1-pyiTOlldlnyi)-6-fluoro-1^ 

quinolinecarboxylic add, 
20 Muoro-1-(2.4<llflu^ 

quinolinecarboxylic add, 

7^aminomethyl)-3-methyM-pyr^^^ 

quinolinecarboxylic acid, 

7-(3-amino-1 -pyrroiidinylH -ethyl-6-fluoro-1 f 4-dihydro-5,Mimethyl-4-oxo-3-quinollnecarboxylic acid, 
25 1-ethyi-6-fluoro-1 ,4«lihydro-5,a-dimethyl-7^^ acid. 
7-<3-amino-1 -pyrcoiidinylH -cyciopropy i-6-fluoro8-trifIuoromethy 1-1 ,4-dihydro-5-methy l-4-oxo-3- 
quinolinecarboxylic add, 
1<ydopropyl-^uoro-8-trffluoromethy^^ 
add, 

zo 1 -cyclopropyi-0-fluoro-8-trifluoromethyl-1 ,4^ihydro-5-methyl-7-(3-methyl-1-piperazinyl)-4-oxo-3- 
quinolinecarboxylic add, 
7^aminomethyl)-aHn^ 
oxo-3-quinolinecarboxylic acid, 

1 -cydopropyl*7-t3-Hethylamino)methyl]-1 -pyrrolidinylJ-6-fluoro-8-trifluoromethy 1-1 ,4-dihydro-5-methyl-4-oxo- 
35 3-quinolinecarboxylic acid, 

7-{3-amino-1-pyrrolidinyl)-6-flu^^ 
quinolinecarboxylic add, 

6- fluoro-1-(2,4-dffluorophenyl)-8-^ 
quinolinecarboxylic add, 

40 7-[3-(amlnomethyl)-3-methyt-1-py^ 
methyl-4-oxo-3-quinolinecarboxylic acid, 

7- (3-amino-1 -py rroiidinyl>-1 -ethy l-6-fluoro-8-triftuoromethy 1-1 ,4-dihydro-5-methy l-4-oxo-3-quinolinecarboxy lie 
acid, 

1 -ethyl-6-fluoro-8-trifiuoromethyl-1 ,4-dihydro-5-methyl-7-(3-methyl-l -piperazinylH-oxo-3-quinolinecarboxyiic 
45 add, 

1-ethyl-e,a-dffluoro-1 1 4Kjihydro-5-methyl-4-oxo-7^1-piperazinyl)-3-quinoiineca^boxy^ic acid, 
6.8-difiuoro-1-(2,4-difluorophenyl)-1 ,4<iihydro-5-me%l-4-oxo-7-<1-pipera^^ 
6,a-dlfiuoro-1 -{2,4-difluoropheny i)-1 ,4-dihydro-5-methyl-7-(3,S-dimethyl-1 -piperazinyl)-4-oxo-3- 
quinolinecarboxylic add, 

so 6-fluoro-1 -(2,4-difluoropheny l)-1 ,4-dihydro-5-methyM-oxo-7-<1 -piperaziny l)-3-quinoflnecarboxy lie add, and 

7-[3-(ethylamino)fnethyM -pyrrolidiny l]-6-fluoro-1 -(2.4-difiuoropheny l)-1 , 4-dihydro-5-methyl-4-oxo-3- 

quinoiinecarboxylic add. 

The invention further indudes certain novel intermediate compounds having the names 

1 -cyciopropy W7,8-^uorx>-1,4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic acid ethyl ester, 
55 2,3,4,5-tetrafluoro-6-methylbenzoic add, 

2,3.4 ) 5-tetrafluoro-6-methylbenzoyl chloride, 

ethyl 3-(2,3,4,5-tetrafluoro-6-meW 

ethyl 2-{Z3,4,5-tetrafluoro-6-methylben2oyl)-3-ethoxyacrylate, 

9 1 
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2-(2 f 4^trtfluon>3^n^ethYlsiW^^ 

ethyl 2^2,3,4,Wetrafiuoro-6^ethylbenw^ 

2-(2A5^uoro-6-methyl*trime%isilylphenylK 

2K2,4,5-trifluoro-6^eW 
6 2-(3^hloro-2A5-trfflu^ 

2K3-bromo-2,4,5-trifluoro-8^ 

2- (2A5-trifluoi^3^ydroxy-d^ethy^ 
2^2,4,5-trHluoro-e^ethyl^nitroph 
2^2 f 4,5-trifluoro^ ( 6^me%lphenyH.4<iimethyl-2-oxazo!ine l 

to 2-{2,4,5^uoro^trifluoromethyl>^ 

2, Wichloro-5-fluoro-4^ethyl-3n^ acid, 

3- chloro-2,4 t 5-trifluoro-6-ni8thy(b6n2oic acid, 
3-bromo*2,4 ( 5-trifluoro-6-methyIben2oic acid, 
2,4,5-tritluoro-6-methy!*3-nitrobenzoic acid, and 

75 2.4 t 5-trlfluoro-3,6-dimethylbenzoic acid. 

Another aspect of the instant invention is the following process for preparing compounds of Formula I 



20 




COORj. 



R 2 

wherein Ri, R a . R3, R*. Rs. R«, 2, n f R\ and X are as defined above which comprises reading a compound 
of Formula II 



30 



35 




R2 



40 



with an amine corresponding to the group 2 wherein all of the above terms are as defined above in Formula 
I and I is a leaving group which may preferably be fluorine or chlorine. 

Yet another aspect of the instant invention is a process for preparing compounds of formula 



45 Fv ^COOH 



50 




wherein R is alkyl which comprises reacting a pentafluorooxazoline with aikyl lithium producing a compound 
of formula 



55 



10 
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1 N ^ 



10 



followed by acidic hydrolysis. 

Yet another aspect of the present Invention is a process for preparing compounds of formula 




F F 



20 jj 



wherein R is alkyl which comprises 
25 (a) reacting a compound of formula 



XX7 



35 

with a base and trimethylsilyl chloride producing a compound of formula 



40 

F 



F 

SiMe 3 

(b) reacting that compound with a base and an aJkyl halide producing a compound of formula 

so 



55 
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SiMe 3 



(c) removing the SIMes and 

(d) hydrolyzing the resulting compound. 

Yet another aspect of the present invention is a process for preparing naphthyridlnes of Formula I by 
(a) reacting a compound of formula 

0 0 



i 

R 2 



with oxalyl chloride and dimethylformamide and quenching with alcohol to produce the corresponding ester 

0 0. 



Cl N N 
I 

(b) reducing the double bond to produce a compound of formula 

0 0 



Cl N N 
I 

(c) treating the compound from step (b) with a base, then methyl Iodide to produce the alkylated 
compound 



12 
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R2 

(d) reintroducing the double bond and reacting the resulting naphthyridine with the desired amine by 
known means. 

The Invention also includes a pharmaceutical composition which comprises an antibacteriaily effective 
amount of a compound having structural Formula I and the pharmaceutical^ acceptable salts thereof in 
combination with a pharmaceutical^ acceptable carrier. 

The Invention further includes a method for treating bacterial infections in a mammal which comprises 
administering an antibacterialiy effective amount of the above defined pharmaceutical composition to a 
mammal in need thereof. 

DETAILED DESCRIPTION 



The compound of the invention having the structural Formula I may be readily prepared by treating a 
corresponding compound having the Formula II above with the desired cyclic amine as defined by Z. For 
purposes of this reaction, the aikylamlne substituent of Z may, if desired, be protected by a group which 
renders it substantially Inert to the reaction conditions. Thus, for example, protecting groups such as the 
following may be utilized: 

carboxylic acyl groups such as formyl, acetyl, trifluoroacetyl; 

alkoxycarbonyl groups such as ethoxycarbonyl, t-butoxycarbonyl, 0,0,0-trichloroethoxycarbonyl, 0- 
iodoethoxycarbonyl; * 

aryloxycarbonyl groups such as benzyloxycarbonyl, p-methoxybenryloxycarbonyl, phenoxycarbonyl; 
silyi groups such as trimethylsilyl; and groups such as trityl, tetrahydropyranyl, vinyloxycarbonyl, 
o-nitrophenytsutfenyl, diphenylphosphinyl, 
p-toluenesutfonyl, and benzyl may all be utilized. 

The protecting group may be removed after the reaction between a compound as defined by Formula II and 
Z if desired, by procedures known to those skilled in the art For example, the ethoxycarbonyl group may 
be removed by add or base hydrolysis and the trityl group may be removed by hydrogenolysis. 

The reaction between the compound Formula II and a suitably protected compound as defined by Z 
may be performed with or without a solvent preferably at elevated temperature for a sufficient time so that 
the reaction is substantially complete. The reaction is preferably carried out in the presence of an acid 
acceptor such as an alkali metal or alkaline earth metal carbonate or bicarbonate, a tertiary amine such as 
triethylamine, pyridine, or picoline. 

Alternatively an excess of the compound of Formula VI may be utilized as the acid acceptor. 

Convenient solvents for this reaction are nonreactive solvents such as acetonitrile, tetrahydrofuran, 
ethanol, chloroform, dimethylsurfoxide, dlmethylformamide, pyridine, picoline, water, and the like. Solvent 
mixtures may also be utilized. 

Convenient reaction temperatures are in the range of from about 20* to about 150 C; higher 
temperatures usually require shorter reaction times. 

The removal of the protecting group may be accomplished either before or after isolating the product. I. 
Alternatively, the protecting group need not be removed. 

The compounds of the invention of Z are either known compounds or they may be prepared from 
known starting materials by standard procedures or by variations thereof. For example, 3-pyr- 
rolidinemethanamines having the formula D 
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may be readily prepared from the known starting material methyl S-oxo-1<(phenylmethyl)-3<pyiTOiidinecar* 
boxylate. A, [J. Org. Chem., 26, 1519 (1961)] by the following reaction sequence. 

.C0 2 CH 3 , ^C0NHR 3 

I f ***** rl 

CH a C«Hs CH 2 C«H 8 



a 



.CH2NHR3 ^ CH 2 NHR 3 

— & 



I 

CH 2 C«H 5 



The compound wherein Ra is hydrogen, namely 3-pyrrolidinemethanamine, has been reported In J. 

«o Org. Chem., 26, 4955 (1 961 ). 

Thus Compound A may be converted to the corresponding amide B by treatment with R3NH2; for 
example, a saturated solution of ethylamine in an alkanol such as methyl alcohol may be utilized. The 
diamide B may next be reduced to produce the corresponding diamine C. This reduction may be carried 
out using lithium aluminum hydride, for example, in a convenient solvent such as tetrahydrofuran. 

45 Compound C may next be debenzylated, for example using hydrogen and 20% palladium on carbon 
catalyst to produce the diamine 0. Alternatively, when R * H In C, the primary amine function may be 
protected with a group R4 as defined, hereinabove. For example, the primary amine function may be 
acylated with an acyl halide such as acetyl chloride by well known procedures. The primary amine function 
of C n may also be converted to a carbamate ester such as the ethyl ester by treatment with ethyl 

so chloroformate in the presence of a strong base such as 1 , Wiazablcyclo[5.4.0]undec-7-ene in a convenient 
solvent such as methylene chloride. The benzyl group may next be removed, for example as described 
above for Compound C, thereby producing Compound D where R is -C02EI which after conversion to a 
compound of Z may be reacted with a compound having the Formula II to thereby produce a corresponding 
compound having the Formula I. The -COaEt group may be removed by standard procedures. 

55 The syntheses of the starting compounds represented by Formula II are illustrated in the following 
schemes. 

Scheme 1 below illustrates the formation of l^yclopropyM.T.e-trifluoro-l^ihydro-S-alkyl^xo-a- 
quinoiinecarboxylic acid. 



14 



EP 0 326 891 A2 




xr 



In Scheme 1 above the 2-pentafluorophenyl-4,4-dimethyl-2-oxazoline III is reacted with aikyi lithium at 
-20* C to +25*C to give the 2-(^3 t 4,5-teti^uorch6-aIkylphenylH.4-dimethyl-2-oxa20line IV which is 
hydrolyzed under acidic conditions (preferably refluxing dilute hydrochloric acid) to give the corresponding 
benzoic acid V. Compound V is reacted with oxaiyl chloride and the product condensed with the dianion of 
monoethyi maionate (prepared from monoethyl maionlc acid and n-butyl lithium in THF) to produce 
ketoester VII. This ketoester is treated with diethyl orthoformate in acetic anhydride to form adduct VIII. 
Reaction of compound VIII with cyciopropylamlne in t-butanoi or ether gives enamine IX; other primary 
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amines can be used in this reaction, such as aliphatic amines (ethyiamine etc.) and aromatic amines (p- 
fluoroaniiine, 2,4-difluoroaniiine, etc) The enamine is reacted with potassium t-butoxide in dry t-butanol to 
form the desired cycfized compound X, which can be hydrolyzed In refluxing acid to give Compound XL 
Scheme 2 below illustrates syntheses of 5-aikyl, 3-X qulnolines (X * F). 
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In Scheme 2 above the acid XII Is converted to Its add chloride via reaction with oxaJyl chloride, and 
the acid chloride is treated with 2-amino-2-methyi-1-propanol to give N^2^ydroxy-1,1-dimethyiethyl)-2,4 f 5- 
trifluorocarboxamide (Compound XIII). This amide is cyciized to the crucial intermediate oxazoline XIV by 

$ reaction with thlonyl chloride in chloroform. Compound XIV is then treated with a base, preferably lithium 
diisopropy (amide, in THF or ether at -78* C and quenched with trimethylsilyl chloride to produce silylated 
oxazoline XV. Compound XV is treated with base (again, preferably lithium dilsopropylamide) in THF or 
ether at 0*-2<f C and then quenched with an aJkyl iodide to give, upon work-up. the alkylated intermediate 
XVI. Removal of the trimethylsilyl group Is accomplished by treatment with cesium fluoride In wet DMF; the 

io resulting compound XVII is hydrolyzed to the corresponding benzoic acid XVIII in reflecting dilute hydrochlo- 
ric acid This benzoic acid is elaborated Into 1-cydopropyl-6,7-difluoro-1 ,4-dihydro-5-ajky!-4-oxo-3- 
quinolinecarbaxyllc acid using the methodology previously described in Scheme I. 

Alternatively, silylated Intermedate XVI can be transformed into a variety of 3-substituted compounds 
via ipso attack on the trimethyisily group. For example, Compound XVI Is reacted with chlorine in the 

16 presence of Iron powder and then hydrolyzed in dilute refluxing acid to give 3*ch!oro-2,4,5-trifluoro*6- 
alkylbenzoic acid XIX; this add is elaborated as before to give quinoline XX Similarly, oxazoline XVI is 
treated with N-bromosucdnimide in chloroform (or with pyridlnium bromide perbromide In dichloromethane) 
to give the analogous 3-bromo oxazoline which is hydrolyzed and carried on to give Compound XXII. 
Reaction of Intermediate XVI with lead tetraacetate and trifluoroacetic acid, followed by add hydrolysis, 

20 gives 2,4 t 5-trifiuoro-3-hydroxy-6-aikylbenzoic add (XXIII); the phenol can be converted to the methyl ether 
via reaction with methyl iodide and potassium carbonate In acetone. This 2,4 t 5-trifluoro-3-methoxy-6- 
alkyibenzoic add is carried on to the 8-methoxy quinoline XXIV (where R ■ CHa); further treatment with 
HBr cleaves the methyl ether to give the corresponding 8-hydroxy quinoline XXIV (where R * H). Finally, 
nitration of silylated compound XVI with nitric acid in sulfuric add and hydrolysis of the consequent 

35 compound yields nitro acid XXV, which is further elaborated to afford 1-cyclopropyl-6,7-difluoro-1 ,4-dihydro- 
5-aikyt-8-nrtro-4-oxo-3-ciuinolinecarboxylic add XXVI (where Ri » 0). Reduction of the nitro group to the 
amino group can be accomplished using Raney nickel to yield quinoline XXVI (where Ri 3 H). 
Scheme 2A below outlines an alternative route to the 5-aIkyl,S-chloro quinolones. 
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In Scheme 2A above the oxazollne XIV is treated with a base, preferably lithium diisopropylamide, in 
35 THF at -78* C and quenched with hexachloro acetone to produce the chloro oxazollne XXXVIII. Compound 
XXXVIII is treated again with a base, preferably lithium diisopropyfamide, in THF at 0* C and quenched with 
an alkyi iodide to give, upon work-up, the intermediate XXXDC Hydrolysis of the oxazollne moiety in 
reftuxing dilute hydrochloric acid gives benzoic acid XIX This acid is elaborated into S-chloro-1-cyclopropyl 
-6,7<iifluoro-1,4<lihydro-5-alkyl-4-oxo-3-quinolinecarboxylic acid (XX). 
«> Scheme 3 below illustrates synthesis of 5,8-dialkyl quinolines. 
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In Scheme 3 above axazoline XJV (prepared in Scheme II) is treated with a base, preferably lithium 
35 diisopropylamide, in THF at -78 "C and is quenched with an aikyl haiide (such as methyl iodide, ethyl 
iodide, etc.) to give Compound XXVII, where R 3 aikyl. Treatment with additional base (preferably lithium 
diisopropylamide) in ether at 0*C followed by addition of an aikyl haiide affords diaikyl oxazolines such as 
XXVIII. The intermediates are hydrolyzed and carried on as before to give 5,8-dialkyM-cyclopropy 1-6,7- 
difluoro-1,4-dihydro-4-oxo-3-quinoiinecarboxylic acids XXX. 
<o Scheme 4 below illustrates a synthesis of 5-aikyi naphthyridines 



45 



SO 



55 



20 



HP 0 328 891 A2 



75 



20 



25 



35 



40 



45 



xxxx 



Cl^N CI 

xxxxx 



0 0 

10 I B 



i) cic-cci t) ACi0< 

R 2) CO,® HC(OBt), D-^OK 



aci 



COjH 



'XX 



0< CO,Bt 'WnHz « UHC1_ 




wfaare R * CH 3 , Et, 
propyl. 



XXXIV 



0 o 

it a 

i) cic-cci fi 



Cl^M' CI 
XXXV 



XXXVI 



5 



l -sir OvAr unci 



2- DOQ ^/V*^ Cl^N^a 



XXXVII 



XXXIII 



!n Scheme 4 above pyridine ester XXXI ( Chem. Pharm, Bull. 35 (1987), p 2280) is reacted with a base 
such as lithium diisopropylamide in THF at low temperature followed by an alkyl haiide such as ethyl iodide 
or methyl iodide; hydrolysis of the ester in dilute add affords compound XXXIII. 

Alternatively, ester XXXI can be hydrolyzed in dilute acid to give pyridine acid XXXV which is, in turn, 
50 converted to the corresponding oxa20line in the usual manner (see Scheme 2). This oxazoline (Compound 
XXXVI) is reacted with an alkyl lithium (such as methyl lithium), then rearomatized with DDQ or chloranil. 
This sequence of reactions gives the alkyl-substituted pyridine XXXVII, which yields, upon acid hydrolysis, 
the necessary intermediate XXXIH. 

Compound XXXIII can be elaborated to the 5-aIkyl-7-ch!oro-1 -cyclopropy l-6-fiuoro-i ,4-dihydro-4-oxo- 
55 1 ,8-naphthyridine-3-carboxylic acid in the usual manner. 

Scheme 5 
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In Scheme 5 above, the known naphthyridine add 1_ (US Patent 4,663,457, 1987) is reacted with oxalyl 
chloride and DMF and then quenched with absolute, ethanol to give ester 2. Reduction of the double bond is 
accomplished with sodium cyanoborohydride to afford compound 3, "which is then treated with sec* 
butyllfthium at -78* C. The dianion is treated with methyl iodide to give the alkylated intermediate 4. The 
double bond is reintroduced in a series of steps: first treatment with sodium hydride, followed by addition 
of phenylselenyi chloride and oxidation with hydrogen peroxide. The final ester 5 can then be reacted with a 
variety of amines in the usual fashion. 

Scheme 6 outlines the synthesis of 5-alkyl, 8-trifluoromethyl derivatives. 
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Scheme 8 begins with the treatment of 2A5-trifluorobromoben2ene with a base, preferably lithium 
diisopropylamide, in THF at -78 *C. This anion Is quenched with carbon dioxide to give, upon acidification, 
acid XL The acid is reacted with HF/SF* at 120* C to afford the trffluoromethyl derivative XU. The requisite 
acid functionality is introduced via halogen-metal exchange (preferably with butyl lithium in ether at -78* C) 
followed by carbon dioxide quench and acidification. Compound XLH is then treated with oxaiyl chloride to 
form the acid chloride and added to 2-amino-2-methyM-propanol in chloroform at 0* C to produce hydroxy 
amide XUIL Cyciization to the key intermediate oxazoline XUX is accomplished in the usual manner - that 
is, treatment with thionyl chloride followed by sodium hydride. Deprotonation of XUV by lithium 



23 



EP 0 326 891 A2 



dilsopropylamfde at *78*C and reaction of the anion with an alkyl iodide yields the fully substituted 
oxazoiine XLV which can be elaborated into the target quinolone XLVI using the previously established 
methodology. 

The compounds of the Invention are capable of forming both pharmaceutical^ acceptable acid addition 
and/or base salts. Base salts are formed with metals or amines, such as alkali and alkaline earth metals or 
organic amines. Examples of metals used as cations are sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable' amines are N,N'-dibenzylethylenediamine, chloroprocaine,. choline, 
diethanolamine, ethylenediamine, N-methylgiucamine, and procaine. 

Pharmaceutical ry acceptable add addition salts are formed with organic and inorganic acids. 

Examples of suitable acids for salt formation are hydrochloric, sulfuric, phosphoric acetic, citric, oxalic 
malonic, saficyclic, malic, gluconic fumarlc succinic, ascorbic, maieic, methanesulfonfc, and the like. The 
salts are prepared by contacting the free base form with a sufficient amount of the desired acid to produce 
either a mono or di, etc salt in the conventional manner. The free base forms may be regenerated by 
treating the salt form with a base. For example, .dilute solutions of aqueous base may be utilized. Dilute 
aqueous sodium hydroxide, potassium carbonate, ammonia, and sodium bicarbonate solutions are suitable 
for this purpose. The free base forms differ from their respective salts forms somewhat in certain physical 
properties such as solubility In polar solvents, but the salts are otherwise equivalent to their respective free 
base forms for purposes of the invention. Use of excess base where R is hydrogen gives the correspond- 
ing basic salt 

The compound of the Invention can exist in unsoivated as well as solvated forms, including hydrated 
forms. In general, the solvated forms. Including hydrated forms and the like are equivalent to the unsoivated 
forms for purposes of the invention. 

The alkyl groups contemplated by the invention comprise both straight and branched carbon chains of 
from one to about six carbon atoms. Representative of such groups are methyl, ethyl, propyl, Isopropyl, and 
the like. 

The cycloalkyl groups contemplated by the invention comprise those having three to six carbon atoms 
such as cyclopropyl, cyclobutyl, cyciopentyf, and cyclohexyl. 

The alkoxy groups contemplated by the invention comprise both straight and branched carbon chains of 
from one to about six carbon atoms unless otherwise specified. Representative of such groups are methoxy, 
ethoxy, propoxy, [-propoxy, t-butoxy, hexoxy, and the like. 
. The term, hafoalkyl, is intended to include halogen substituted straight and branched carbon chains of 
from two to four carbon atoms. Those skilled in the art will recognize that the halogen substituent may not 
be present on the o-carbon atom of the chain. Representative of such groups are jS-fluoroethyi, 0- 
chloroethyi, 0,0-dichloroethyl, 0-chioropropyl, 0-chloro-2-propyl, -Hodobutyl, and the like. 

The term halogen is intended to include fluorine, chlorine, bromine, and iodine unless otherwise 
specified. 

Certain compounds of the invention may exist in optically active forms. The pure 0 isomer, pure L 
isomer as well as mixtures thereof; including the racemic mixtures, are contemplated by the invention. 
Additional asymmetric carbon atoms may be present in a substituent such as an alkyl group. All such 
isomers as well as mixtures thereof are Intended to be included In the invention. 

The compounds of the invention can be prepared and administered in a wide variety of oral and 
parenteral dosage forms. It will be obvious to those skilled in the art that the following dosage forms may 
comprise as the active component either a compound of Formula I or a corresponding pharmaceutical^ 
acceptable salt of a compound of Formula I. 

For preparing pharmaceutical compositions from the compounds described by this invention, inert 
pharmaceutical^ acceptable carriers can be either solid or liquid. Solid form preparations include powders, 
tablets, dispersible granules, capsules, cachets, and suppositories. A solid carrier can be one or more 
substances which may also act as diluents, flavoring agents, solubiiizers, lubricants, suspending agents, 
binders, or tablet disintegrating agents; it can also be an encapsulating material. In powders, the carrier is a 
finely divided solid which is in admixture with the finely divided active compound. In the tablet the active 
compound is mixed with carrier having the necessary binding properties in suitable proportions and 
compacted in the shape and size desired. The powders and tablets preferably contain from 5 or 10 to about 
70 percent of the active ingredient Suitable solid carriers are magnesium carbonate, magnesium stearate, 
talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methyl cellulose, sodium carboxymethyl 
cellulose, a low melting wax, cocoa butter, and the like. The term "preparation" is Intended to include the 
formulation of the active compound with encapsulating material as carrier providing a capsule in which the 
active component (with or without other carriers) Is surrounded by carrier, which is thus in association with 
it Similarly, cachets are included. Tablets, powders, cachets, and capsules can be used as solid dosage 
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forms suitable for oral administration. 

Liquid form preparations include solutions, suspensions, and emulsions. As an example may be 
mentioned water or water-propylene glycol solutions for parenteral injection. Such solutions are prepared so 
as to be acceptable to biological systems (Isotonicity, pH, etc). Liquid preparations can also be formulated 

5 in solution In aqueous polyethylene glycol solution. Aqueous solutions suitable for oral use can be prepared 
by dissolving the active component in water and adding suitable colorants, flavors, stabilizing, and 
thickening agents as desired. Aqueous suspension suitable for oral use can be made by dispersing the 
finely divided active component in water with viscous material, i.e., natural or synthetic gums, resins, methyl 
cellulose, sodium carboxymethyl cellulose, and other well known suspending agents. 

70 Preferably, the pharmaceutical preparation is in unit dosage form. In such form, the preparation Is 
subdivided into unit doses containing appropriate quantities of the active component The unit dosage form 
can be a packaged preparation, the package containing discrete quantities of preparation, for example, 
packeted tablets, capsules, and powders En vials or ampoules. The unit dosage form can also be a capsule, 
cachet or tablet itself or it can be the appropriate number of any of these packaged forms. 

is The quantity of active compound in a unit dose of preparation may be varied or adjusted from 1 mg to 
100 mg according to the particular application and the potency of the active ingredient 

In therapeutic use as agents for treating bacterial infections the compounds utilized in the pharmaceuti- 
cal method of this invention are administered at the initial dosage of about 3 mg to about 40 mg per 
kilogram daily. A dally dose range of about 6 mg to about 14 mg per kilogram is preferred. The dosages, 

20 however, may be varied depending upon the requirements of the patient the severity of the condition being 
treated, and the compound being employed. Determination of the proper dosage for a particular situation is 
within the skill of the art Generally, treatment Is initiated with smaller dosages which are less than the 
optimum dose of the compound Thereafter, the dosage is increased by small increments until the optimum 
effect under the circumstances is reached. For convenience, the total daily dosage may be divided and 

25 administered in portions during the day if desired. 

The compounds of the invention display antibacterial activity when tested by the microtitration dilution 
method as described in Heifetz, et al, Antimicr, Agents & Chemoth., 6, 124 (1974), which is incorporated 
herein by reference. By use of this method, the followed minimum inhibitory concentration values (MlCs in 
iig/ml) were obtained for representative compounds of the invention. 
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The following nonlimiting examples illustrate the inventors' preferred methods for preparing the . 
compounds of the invention, 

PREPARATION OF STARTING MATERIALS 



,0 Example A 



2-(2,3 t 4,5-Tetrafluoro^methylphenylH»4Kjimethyl«2^xa20iirm 



T5 



A solution of 21.2 g (80.0 mmol) of 2KpentafluorophenylH.^irnethyl-2-oxa2oline (Bull. Chem. Soc. 
Jpn., 57, 225 (1984)) in 300 ml of dry ether was cooled to -20* Cinder argon and treated with 60 ml of 
1.6M methyl lithium (96.0 mmol). The solution was stirred at -20 # C for two hours, then stirred at room 
temperature overnight The mixture was diluted with water, and the organic layer was dried over magnesium 
20 sulfate and concentrated to give 20.8 g of the title compound as an orange oil. 

Example B . 



25 



2.3.4.5'Tetrafluoro^mettrylbenzoic add 



A mixture of 20.5 g. (73.4 mmol) of 2^2,3,4,5^etrafiuoro^ethy(phenylH.^imethyl-2-oxa2oiine in 200 
30 ml of 6N hydrochloric acid was refluxed for 18 hours, then cooled to room temperature. The solution was 
extracted with ethyl acetate. The extract was washed with water, dried over magnesium sulfate, and 
concentrated. The residue was suspended in water which was made basic (pH 11) with 1M sodium 
hydroxide and was extracted with ether; the aqueous phase was acidified (pH 2) with 1N hydrochloric acid 
and extracted with ethyl acetate. The organic layer was dried over magnesium sulfate and concentrated to 
as give 8.4 g of the title compound as a tan solid, mp 80-82* C. 

Example C 

40 

2,3,4,5-Tetrafluoro-6-methylbenzoyl chloride 

A solution of 8.2 g (39.4 mmol) of 2,3,4,5-tetrailuoro-6-methylbenzoic acid, 6.0 g (47.2 mmol) of oxalyl 
45 chloride, and 100 ml of dichloromethane was treated with three drops of DMF. The solution was stirred for 
three hours, then concentrated to give 8^ g of the title compound as a yellow liquid. The product was used 
as is in the next step. 

so Example O 



Ethyl ^S.^S-tetrafluoro-e-methylphenylhjg-oxopropanoate 

A solution of 10.1 g (76.5 mmol) of malonlc acid monoethylester, bipyridyl (catalytic), and 200 ml of dry 
THF was cooled to -35* C under argon, treated with 52 ml of 1.5M n-butyllithium (78 mmol), and warmed to 
-5 # C. To this mixture was added 52 ml of 1.5M n-butyllithium (78 mmol) until a pale pink color persisted for 
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10 minutes. The suspension was cooled to -78* C and was treated with a solution of 8.8 g (3&S mmol^of 
2,3,4 1 5-tetrafiuoro-6-methylbenzoyl chloride in 100 ml of dry THF. The reaction mixture was stirred at -78* C 
for 45 minutes, then wanned to -35 *C and poured Into a mixture of ice and 1N hydrochloric acid (77 ml). 
The organic layer was washed with 5% sodium bicarbonate solution, 3M hydrochloric acid, and water and 
5 dried over magnesium sulfate. Ceneentration gave* an orange oil which, was chromatagraphed on.siiica gel 
(E. Merck 230-400 Mesh), eluting with 80:20 chtorofbrm:ethyt acetate, to give QJZ g of the title compound. 



Example E 

70 



Ethyl 2K2,3,4,5-Tetrafluoro^methyM3en2oyl)-3-ethoxyacryiate 

76 A solution of 8.1 g (29.1 mmol) of ethyl 3-{2 f 3,4 ) 5-tetrafIuoro-6-methylphenyl)-j3-oxopropanoate, 72 g 
(43.3 mmol) of triethyl orthoformate, and 70 ml of acetic anhydride was refluxed for 3.5 hours. The solution 
was cooled to room temperature and concentrated under high vacuum to give 9.1 g of the title compound. 
The product was used as is in the next step. 

20 

Example F 



2$ Ethyl 2^2 t 3A5-tetrafluoro^ethylbenzoyl)-3-cyclopropylaminoacrylate 

To a solution of 9.0 g (27.0 mmol) of ethyl 2-(2 f 3,4.5-tetrafluoro-6-methylbenzoyl)-3-ethoxyacrylate in 30 
.ml of absolute ethanol at 5* C was added 1.68 g (29.4 mmol) of cyciopropylamlne. The mixture was stirred 
at 5* C for 1.5 hours and at room temperature for 2.5 hours. The solution was concentrated to an oil which 
ao was triturated with hexane to give a tan solid. The crude product was recrystallized from hexane to give 
9.07 g of the title compound, mp 72-74* C. 

Example Q 

36 



Ethyl 1-cyclopropyl-6,7 t 8-trifluoro-1 t 4-dihydro-5-methyl-4*oxo-3-quinolinecarboxyiate 

40 To a mixture of 9.05 g (28.3 mmol) of ethyl 2-(2,3.4,5-tetrafluoro-5^riethylbenzoyl)-3- 
cyciopropylaminoacrylate in 100 ml of dry t-butanol was added a slurry of 3.25 g (29.0 mmol) of potassium 
t-butoxide in 20 ml of dry t-butanol, and the mixture was stirred at 60* C for four hours. The suspensio was 
cooled to room temperature and concentrated to a paste which was partitioned between dichloromethane 
and 1N hydrochloric acid. The organic layer was separated dried over magnesium sulfate, and con- 

45 centrated. Recrystalllzation from ethyl acetateihexane gave 4.70 g of the title compound, mp 176-177* C. 



Example H 

so 

1 -Cyclopropyl-6,7,8-trifluoro-1 t 4-dlhydro-5-methyl-4-oxo-3-qulnolinecarboxyllc acid 

A mixture of 4.6 g (14.1 mmol) of ethyl 1^clopropyl^7,8-trifluoro-1,4-dihydro-5-methyl-4-oxo-3- 
ss quinolinecarboxylate in 100 ml of 6M hydrochloric acid was refluxed for four hours. The solution was cooled 
to room temperature and the solids were filtered, washed with water, and dried to give 3.9 g of the title 
compound, mp 234-235* C. 

In a similar manner, i<yciopropyl-5-emyl-67.8-trffiuoroM^ acid 
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Q 



and 1 ,5-dicydopropyi-6 J,8-trtfiuoro-1 ,4^hydro-4-oxo-3-quinolin8carboxync add were prepared. 

Example I 

5 

N-(2-Hydroxy-1 ,1 "dlmethylethyl)*2 t 4 t 5'trifluoroben2amtde 

ro A solution of 19.4 g (110 mmol) of 2,4,5-trtfluorobenzolc add (JP 58,150,543 (CI. C07C69) Sept 7, 
1983). 15.2 g (120 mmol) of axalyl chloride and 250 ml of dichloromethane was treated with four drops of 
DMF, and the mixture was stirred at room temperature for four hours. The mixture was concentrated to a oil 
and was redissoived In 100 ml of dichloromethane. This solution was added dropwise to a solution of 19.6 g 
(240 mmol) of 3-amino-2-methyM-propanol In 200 ml of dichloromethane at 5* C, and the reaction mixture 

75 was stirred at room temperature overnight The solids were filtered, and the filtrate was washed with 5% 
sodium bicarbonate, 1N hydrochloric add, and water. The organic Jayer was dried over magnesium sulfate 
and concentrated to give 24.5 g of the title compound, mp 114-116*0. 

20 Example J 

2-(2,4,5-TrifluorophenytH»4Kilmethyl-2-oxazoline 

25 

To a solution of 24.4 g (98.7 mmol) of N^2-hydroxy-1,1^imethylethyl)-2,4,5-trifluorocarboxamide In 200 
ml of chloroform was added 25 ml (342 mmol) of thionyl chloride dropwise. The solution was stirred 
overnight at room temperature, then concentrated by half. The mixture was diluted with ether, and the solid 
was removed by filtration. This solid was dissolved in water, made basic (pH 8) with -10% sodium 
30 hydroxide, and extracted with ethyl- acetate. The organic Jayer was dried over magnesium sulfate and 
concentrated to give 19.0 g of the title compound, mp 53-54* C. 



3S 



Example K 



2*(2,4,5-Trtfluoro*3-trimethylsiiylphenylH.4-dimethyl"2"Oxazollne 

40 A solution of 8.7 ml (62.1 mmol) of dilsopropylamine in 100 ml of dry THF under argon was cooled^to 
•78 *C and treated with 28.3 ml (56.6 mmol) of 2.0M n-butyllithium. The IDA solution was stirred at -78* C 
for 15 minutes. To this solution was added a solution of 11.8 g (51.5 mmol) of 2*(2,4,5-trifluorophenyl)-4.4- 
dimethyi-2-oxazoilne in 50 ml of THF, and the reaction mixture was stirred for one hour at -78* C. To the 
reaction mixture was added 13 ml (102.5 mmol) of chlorotrimethylsilane, and the solution was warmed to 

45 room temperature. Water was added; the organic layer was dried over magnesium sulfate and con- 
centrated. The crude product was chromatographed on silica gel (E Merck 230-400 Mesh), eluting with 
80:20 chtoroform:ethyi acetate to give 12.9 g of the title compound, mp 71-72* C. 

so Example L 



55 



2-(2,4,5-Trifiuoro-6-methyl-3-trimethylsilylphenylH«4KJImethyl-2-oxazoline 

A solution of 0.64 ml (4.57 mmol) of dilsopropylamine In 20 ml of dry THF under argon was cooled to 
-78* C and treated with 2.1 ml (4.20 mmol) of 2.0N n-butyllithlum. The LDA solution was stirred at -78* C for 
15 minutes, then warmed to 0* C. To this solution was added a solution of 1.05 g (3.5 mmol) of 2-(2,4,5- 
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and 1 f 5-dlcydopropyW.7,8-trifto^ add were prepared. 



Example! 

3 



N-(2-Hydroxy-1 ,1 ^methylethyiy-^^S-trifiuorobenzamtde 

ro A solution of 19.4 g (110 mmol) of 2,4,5-trffluorobenzoic acid (JP 58,150,543 (CI. C07C69) Sept 7, 
1983). 15.2 g (120 mmol) of oxalyl chloride and 250 ml of dichloromethane was treated with four drops of 
DMF, and the mixture was stirred at room temperature for four hours. The mixture was concentrated to a oil 
and was redissolved in 100 ml of dichloromethane. This solution was added dropwise to a solution of 19.6 g 
(240 mmol) of 3-amino-2-methyl-1 -propanol In 200 ml of dichloromethane at 5* C, and the reaction mixture 

75 was stirred at room temperature overnight The solids were filtered, and the filtrate was washed with 5% 
sodium bicarbonate, 1N hydrochloric acid, and water. The organic layer was dried over magnesium sulfate 
and concentrated to give 24.5 g of the title compound, mp 114-1 16* C. 



20 Example J 



2»(2,4 t 5*TrifluorophenylH4'dlmethyl-2"Oxa20line 

25 

To a solution of 24.4 g (98.7 mmol) of N^-hydroxy-l.l-dimethylethyO^S-trifiuorocarboxamide in 200 
ml of chloroform was added 25 ml (342 mmol) of thionyl chloride dropwise. The solution was stirred 
overnight at room temperature, then concentrated by half. The mixture was diluted with ether, and the solid 
was removed by filtration. This solid was dissolved in water, made basic (pH 8) with -10% sodium 
30 hydroxide, and extracted with ethyl- acetate. The organic layer was dried over magnesium sulfate and 
concentrated to give 19.0 g of the title compound, mp 53*54* C. 



Example K 

35 



2"(2 t 4 ) 5-Trifiuoro«3*trimethylsilylphenylH.4"dimethyl*2-oxazollne 

40 A solution of 8.7 ml (62.1 mmol) of diisopropy famine in 100 ml of dry THF under argon was cooled to 
-78 *C and treated with 28.3 ml (56.6 mmol) of 2.0M n-butyllithium. The LDA solution was stirred at -78* C 
for 15 minutes. To this solution was added a solution of 11.8 g (51.5 mmol) of 2K2,4,5-trifluorophenyi)-4,4- 
dimethyl-2-oxazoiine In 50 ml of THF, and the reaction mixture was stirred for one hour at -78* C. To the 
reaction mixture was added 13 ml (102.5 mmol) of chlorotrimethylsilane, and the solution was warmed to 

45 room temperature. Water was added; the organic layer was dried over magnesium sulfate and con- 
centrated. The crude product was chromatographed on silica gel (E. Merck 230-400 Mesh), eluting with 
80:20 chloroformrethyl acetate to give 12.9 g of the title compound, mp 71-72* C. 



so Example L 



2-(2,4 t 5-Trffluoro^methyk3-trime 

A solution of 0.64 mi (4.57 mmol) of diisopropylamine In 20 ml of dry THF under argon was cooled to 
•78* C and treated with 2.1 ml (4.20 mmol) of 2.0N n-butyllithium. The LDA solution was stirred at -78* C for 
15 minutes, then warmed to 0* C. To this solution was added a solution of 1.05 g (3.5 mmol) of 2-(2,4,5- 
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trtfluoro^trimethylalylpheny^ In 5 ml of THF; the reaction mixture was stirred at 

0* C for 46 minutes, then quenched with 1.50 g (10.8 mmol) of methyl iodide. The solution was stirred at 
room temperature for three hours and diluted with water. The organic layer was washed with water, dried 
over magnesium sulfate, and concentrated to give 1.00 g of the title compound as an oil. 

s In a similar manner, 1 -cyclopropy l-5-ethyl-6 J-difluoro-1 f 4^ihydro-4<Dco<^<iuinonnecarboxyiic acid and 
1^dopropyW,7^uoro-1,4^ydro-4-ox^ acid were prepared. 

Alternatively, the trtmethylsilyl group was displaced with chlorine (Chem. Abstr. 54, 20932 (1960)) or 
with bromine (J. Am. Chem. Soc. 70, 433 (1948)), and the oxazoline was hydrolyzed to give 3-chloro-2,4,5- 
trifluoro-6-methylbenzoic acid and 3-bromo-2 f 4,5-trifIuoro-6-methyiben20lc acid, respectively. These inter- 

to mediates were elaborated into 8-chioro-1 -cyclopropy l-6,7-dif!uoro-1 ^ihydro-S-methyW-oxo-a- 
quinoiinecarboxylic acid 8-bromo-1- <^dopropyW7H^oro-1,4«Jihydro-5^^ 
ylic acid. 

In addition, the trimethylsiiyi group was reacted with lead tetraacetate/trifluoroacetic acid to introduce a 
hydroxyl group (Tet Lett 10, 853, (1974)) and was also reacted with nitric add to introduce a nitro group (J. 
T5 Chem. Soc. 498 (1957)). 

FollowingThe usuai procedures, the following compounds were prepared: 1-cyclopropyl-6,7-difluoro-1,4- 
dihydro^ydro)<y-5-methyl-4K^3^ add; 1 -cyclopropyl-8.7-difluoro-1 ,4-dihydro-8- 

methoxy-5-methyM-oxo-3-quinollnecarboxylic acid; l-cyclopropyl-6,7-difluoro-1,4-dihydro-5-methyl-8-nitro- 
4-oxo-3-quinoIinecarboxylic add, and 8-amlno-1 -cydopropy l-6,7-diftuoro-1 .4-dihydro5-methyl-4-oxo-3- 
20 quinollnecarboxylic add. 



Example M 

25 

7-Chloro-1 -cydopropy l-6.-fluoro-1 ,4^hydro^methy M-oxo-1 ^aphthyridlne-G^arboxy lie add 

Ethyl 2 t 8-dichloro-5-fluoronlcotinate (Chem. Pharm. Bull. 35(8), 2280 (1987)) was treated with lithium 
30 diisopropylamide and quenched with methyl Iodide to give, upon work-up, ethyl 2,6-dichIoro-5-fluoro-4- 
methylnicotinate. This, material waa hydrolyzed to give the corresponding add which was elaborated In the 
usuai manner to give 7-chloro-1 -cyclopropy l-6-fluoro-1 ,4-dihydro-5-methyl-4-oxo-1 f 8-naphthyridine-3-carbox- 
yiic acid. 7-chloro-1-cydopropyl-5-ethyl-8-fluor^ was 
synthesized in the same manner. 



Example N 



40 

2,4,5-Trffluoro-3,6-dimethylbenzolc add 

The a^a^S-frifluorophenylK^Wlmethyl-S-oxazoline was also treated with lithium diisopropylamide 
followed by methyl iodide to give 2-(2 f 4,5-trifluoro-3-methylphenylK4-dimethyl-2-oxazoline. This intermedi- 
45 ate was, in turn, treated with lithium diisopropylamide, then with methyl iodide, to give 2-(2,4,5-trifluoro-3,6- 
dimethylphenyJK4-dimethyl-2-oxazoline. Hydrolysis of the oxazoline gave 2,4.5-trifluoro-3,6-dimethylben- 
zoic add. which wa elaborated into l<yciopropyl-6,7-difluoro-1,4-dihydro-5,8^ 
boxylic add in the usuai manner. 

50 

Example O 



55 2-(2 t 4,5-Trifluoro-6^ethylphenylH.4-dimethyi-2-oxazoiine 

A solution of 12.0 g (38.0 mmol) of 2-{2.4,5-trifluoro-6-methyi-3-(^^ 
oxazoline, 5.85 g (3as mmol) of cesium fluoride, 110 ml of dimethylformamide, and 15 ml of water was 
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stirred for 18 hours at room temperature. The reaction mixture was poured into water and extracted with 
ethyl acetate; the organic phase was washed with water, dried over magnesium sulfate, and concentrated to 
give 9.1 g of liquid. 

Example P 



io 2-(3^loro-2,4,5*trtfluorophenyiH.4Hj]methy^2<)xazoHne 

A solution of 7.8 mi (54.2 mmof) of diisopropy lamine in 100 ml of dry THF was cooled to -78* C under 
argon, treated with 20.5 ml (47.2 mmol) of &3M n-butyllithium, and stirred for 15 minutes. To this solution 
was added a solution of 10.3 g (45.0 mmol) of a^^S-trffluorophenyiH^iniethyW-oxazofine in 100 ml of 
75 dry THF. The reaction mixture was stirred at -78* C for 45 minutes. To this mixture was added 26.5 g (100 
mmol) of hexachloroacetone, and the solution was warmed to room temperature. Water was added; the 
organic phase was washed with water, 1N hydrochloric acid, and 5% sodium bicarbonate, and was dried 
over magnesium sulfate. Concentration gave a dark oil which was chromatographed on silica gel to give 
7.05 g of the title compound as a yellow oil. 



Example Q 



25 

2K3^hlorr>2,4 t 5^uoro-6^ethyK,4<llmethyh2-oxazoHne 

A solution of 5.5 ml (39.2 mmol) of diisopropylamine in 125 ml of dry THF was cooled to -78* C under 
argon, treated w}th 13.8 ml (31.7 mmol) of 2.3M n-butyllithium, and stirred for 15 minutes. To this solution 

30 was added a solution of 7.00 g (26.5 mmol) of 2^3<hloro-2,4.5-trifluorophenylH,4-dimethyl-2-oxazoline in 
75 ml of dry THF. The mixture was stirred at -78* C for 30 minutes and at 0*C for 60 minutes. To this 
solution was added 11.3 g (79.6 mmol) of methyl iodide, and the mixture was stirred at room temperature 
overnight Water was added; the organic phase washed with 1N HQ, 5% sodium bicarbonate, and water. 
The solution was dried over magnesium sulfate and concentrated to an oil which was chromatographed on 

35 silica gel to give 6.3 g of clear orange oil. 



Example R 

40 

2 t 4,5-Trrfluoro-6'methylbenzoic acid 

A mixture of 9.1 g (37.4 mmol) 2-(2A 5-trifluoro-6-methylphenyl)-4.4-dimethyl-2-oxazoline In. 200 ml of 
45 6M hydrochloric add was reftuxed' overnight then cooled to room temperature. The solution was extracted 
with ethyl acetate, and the extract was washed with water, dried over magnesium sulfate, and concentrated. 
The residue was suspended in water which was made basic (pH 11) with 1N NaOH, washed with ether, and 
acidified (pH 2) with 1N HCI. The solution was extracted with ethyl acetate. The organic phase was washed 
with water, dried over magnesium sulfate, and concentrated to give 5.8 g of the title compound, mp, 108- 
so 110'C. 



Example S 

55 

3-Chloro'2.4,5*trit1uoro-6-methylbenzolc acid 
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As in Example D, the title compound was prepared from 2-^3^lofo-2,4 ( 5-trifluoro-6-methylphenylH.4- 
dlmethy(-2^oxazo(ine and 6N hydrochloric acid. The desired add was obtained as a tan solid, mp 104- 
106 # C. 

5 

Example T 



10 2,4,5-Trifluoro-6-methytbenzoyl chloride 

A solution of 5.8 g (30.5 mmol) of 2A5-trifluoro-6-methylbenzoic add, 4.7 g (37.0 mmoO of oxalyl 
chloride, and 100 ml of dfchloromethane was treated with three drops of DMR The reaction mixture was 
stirred at room temperature for two hours, then concentrated to give 6.3 g of the title compound as an oily 
rs solid. The product was used "as is" in the next step. 



Example U 

20 

3-chloro-2 t 4 i 5'Trifluon>Q"methylben2oyl chloride 

The title compound was prepared from 3-chloro-2,4 t 5-trifluoro-6-methyIben2oic add and oxalyl chloride 
25 following the same procedure used in Example F. 



Example V 

30 

Ethyl 3H2.4,5-trifluoro-6-^ethylbenzoylH-oxopropanoat9 

A solution of 8.0 g (60.5 mmol) of maionlc add monoethylester, bipyridyl (catalytic) and 200 ml of dry 
is THF was cooled to -35* C under argon, treated with 32 ml of 1 .9M n-butyllithium (60.8 mmol), and warmed 
to -5*C. To this suspension was added another 32 ml of 1.9M n-butyllithium until a pale pink color 
persisted for 10 minutes. The mixture was cooled to -78* C. To this mixture was added a solution of 6.3 g 
(30.2 mmol) of 2,4.5-trffluoro-6-methy (benzoyl chloride in 75 ml of dry THF, and the reaction mixture was 
stirred at -78* C for one hour. The solution was then warmed to -35* C, poured onto a mixture of ice and 1N 
40 hydrochloric acid (70 ml), and extracted with ethyl acetate. The organic layer was washed with 5% sodium 
bicarbonate, 3M hydrochloric add, and water, and was stirred over magnesium sulfate. Concentration gave 
an orange oil which was chromatographed on silica gel (£ Merck 230-400 Mesh), eluting with 80:20 
chloroform:ethyl acetate, to give 7.2 g of the title compound. 

46 

Example W 



so ' Ethyl ^S-chlor^^S-trifluoro-OHnethylbenzoyl^jS-oxopropanoate 

The procedure outlined for Example H was used to prepare to title compound from the dianion of 
. maionlc acid monoethyl ester and 3<hloro-2,4,5-trifluon>6-methylbenzoyl chloride. The crude product was 
also chromatographed on silica gel to give the desired product as an orange oil. 

55 

Example X 
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Ethyl 2^4 t 5-trifluoro-6-methylben2oyi)-3>ethoxyacfyiat9 

A solution of 7.1 g (27 mmol) of ethyl (3-2(2,4 l 5-trtfluoro^ethylbenzo^^ 6.8 g (41 

mmol) of triethyl orthoformate and 80 ml of acetic anhydride was refluxed for three hours, cooled to room 
5 temperature, and concentrated to give a4 g of the title compound. The crude material was used as Is in the 
next step. 

Example Y 

to 

Ethyl 2^3^loro»2 t 4 t 5^uoro-6*methylbenzoyl)"3^thoxy acrylate 

i$ The procedure outlined In Example J was followed to prepare the title compound from ethyl 3-(3-chloro- 
2A5*trifluoro-6-methylbenzoyl)-^-oxo-propanoate, triethyl orthoformate, and acetic anhydride. 

Example Z 

20 

Ethyl 2*(2 < 4,S*Trifluoro^^ethylbenzoyl>^<ydopropylaminoacryl^ 

25 To a solution of 8.3 g (26 mmol) of ethyl 2K2.4 i 5-trifluoro*methylbenzoyl)-3-ethoxyacrylate in 30 ml of 
absolute ethanol at 5* C was added 1.64 g (29 mmol) of cyclopropylamine. The reaction mixture was stirred 
at 5* C for 90 minutes and at room temperature for two hours. The solution was concentrated to give a 
brown oil which was dissolved in hexane and reconcenfrated to give a tan solid. Recrystallization from 
hexane gave 72 g of colorless crystals, mp 69-72* C. 

30 The following compounds were prepared In identical fashion from the appropriate ethoxyacrylate: 

a) Ethyl 2-(3<htoro-2,4,5-trifIuoro-6-me^ mp 77-80* C; 

b) E5^S^3,4,5-tetrafluoro-6-methylben2oyl)-3-ethylamino acrylate , hygroscopic solid; 

c) Efl^3-(2,4^fluoroarriiino)-2K2^^ viscous oil; 

d) Ethyl 3^bromoemylamino)-2-(2,3,4 ( 5-te^ mp 95-100* C; 
35 e) EtfiyT S^ethylamlno^^^S-trifluoro-e-methylbenzoyljacrylate, hygroscopic solid; 

f) Ethyl 3-(2,4-dffluoroanilino)-2-(2,4,5-trifluoro-6-methylben2oyl)acrylate, mp 79-83* C; and 

g) "gtRylT^romoethylaminoK^ 



40 

Example AA 



45 Ethyl 1-cyclopropyl-6,7-dffluoro-1 ,4-dlhydro-4-oxo-3-quinollnecarboxylate 

A solution of 7.2 g (22 mmol) of ethyl 2-(2,4 t 5-trifIuoro-5-methylbenzo^ in 
100 ml of dry t-butanol was treated portionwise with 2.8 g (25 mmol) of potassium t-butoxide, and the 
reaction mixture was stirred at 60* C for five hours. The suspension was cooled to room temperature and 
so concentrated. The residue ws partitioned between dichloromethane and 1N hydrochloric acid; the organic 
phase was washed with water, dried over magnesium sulfate, and concentrated. The crude product was 
slurried in boiling ethanol, filtered, and air-dried to give 4.2 g of the title compound. 
The following compounds were prepared in a similar fashion and purified as noted: 
a) Ethyl 8-chloro-1 -cyclopropyl-6,7-difluoro-1 ,4-difluoro-1 ,4<lihydro-5^nethyl-4-oxo-3-quinoline car- 
55 bbxylate, mpTsi-153 C (chromatographed on silica gel); 

5) Ethyl i^y^ t 7,8-trifluoro-1,4-dihydro-5-me mp 185-187 C 

(recrystattizSdfrom ethyl acetate); 
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c) Ethyl 1 -<2-bromoothyl)-e,7,8-rtfluoro-1 ,4-dhydn>-5-methyl-4H3xo-3-^ mp 149- 
150*C (recrystallized from ethyl acetate hexane). 

d) Ethyi 1-ethyfr8 t 7-dtfluonH ,4-dfhydn>5-methyl-4-oxo-3^1nol^ mp 189-191 C. 



Example BB 



10 



Ethyl 8,7,frtrtftuoro-1 ,4-dihydro-5-methyl-4-ox<H-viay^ 

A rapid stirred suspension of 1.98 g (5.08 mmol) of ethyi 1-(2-bromoethyl)-6.7.S-trifluoro-1,4-dihydro-5- 
methyM-oxo-3-quinolinecarboxylate, 3.50 g (25.3 mmol) of ground potassium carbonate, and 40 ml of OMF 
1$ was heated at 80* C under argon for four hours. The suspension was concentrated and the residue was 
partitioned between methylene chloride and water. The organic layer was dried over magnesium sulfate and 
concentrated to give 1.52 g of the title compound as a DMF complex, mp 150-152* C. 

20 Example CC 



Ethyl 6,7,8-trffluoKH «(2,4-difluorophenyi)-1 ,4-dlhydro- 5^ethyl-4-oxo-3-quinolinecarfaoxylate 

25 

To a cold (5"C) solution of 2.77 g (8.64 mmol) of ethyl 3-(2,4 I -difluoroanilino)-2-(2 t 3 f 4,5-tetrafiuoro^ 
methylbenzoyljacrylate in 60 ml of dry THF was added 0.32 g of 60% sodium hydride. The solution was 
stirred overnight at room temperature, thert concentrated to an orange foam. The residue was partitioned 
between methylene chloride and 1N HCI. The organic phase was washed with water, dried over magnesium 
30 sulfate, and concentrated to an orange solid which was recrystallized (ethyl acetate;hexane) to give 1.55 g . 
of the title compound, mp 1 52-1 54* C. 



35 



Example 00 



Ethyl 6,7-dffiuoro-H2,4-difluorophenyi)-1 ,4<iihydro-5-methyl-4-oxo-3-quinollnecarboxylate 

40 The procedure outlined in Example AA was used to prepare the title compound from ethyl &{2'2 t 4~ 
difluoroanilino^-^AS-trifluoro-^ mp 161-164* C. 



Example EE 



45 



1-Cyclopropyl-6,7-diftuoro-1 t 4,-dihydro-4-oxo-3-quinolinecarboxyllc acid 

so A suspension of 4.1 g (13.3 mmol) of ethyl l-^clopropyl-ej^ifluoro-l^ihydro^xo-S-quinolinecar- 
boxylate in 150 ml of 6N hydrochloric acid was refluxed for six hours, then cooled to room temperature. The 
solids were filtered, washed with water and ether, and dried to give 3.2 g of the title compound, mp 
>300'C. 

The following compounds were prepared in similar fashion: 
56 a) l-Efryi-6 t 7.a-trifluoro-1.4KHhydro-5^ acid, mp 199^201 C; 

b) i-Ethyi-6.7-dffluon>l ( 4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic acid, mp >300 * C; 
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c) 8-ChfortH -cydopropy 1-6,7-difIuoro-l ,4Kjfhydro-5-memyM-oxo-s^^ acid , mp 212- 

214* C. 



Example FF 



70 T-Chloro^l^yclopfopyl-^uoro-l^lhydro^xo-l^ naphthyridine-3-carboxyllc add ether ester 

7-Chloro-1 -cyciopropy Wluoro-1 ,4-dihydro-4-oxo-1 t 8HiaphthyTidine-3-carboxyllc add, (U.S. Patent 
4,663,457) (20.0 g, 71 mmol) and dimethytformamide (0.S ml) were added to dlchloromethane (750 ml) to 
give a tan slurry. Oxaiyl chloride (7.4 ml, 65 mmol) was added to this slurryover one minute and the 

75 reaction mixture stirred for 90 minutes, then an additional 2.0 ml of oxatyl chloride was added and stirring 
continued for 60* minutes. To the resulting brown solution was added absolute ethanol (4.3 mi, 78 mmol) 
and the mixture stirred for four hours and then cooled to 0*C and stored overnight The reaction was 
warmed to room temperature and an additional 2 ml of absolute ethanol was added and the stirring 
continued for three hours. The reaction was evaporated to a brown solid. The solid was heated In THF, 

20 filtered, and cooled to 0* C. The crystals formed were collected and dried to give the title compound, (11.1 
g. 50%). 

*5j Example GG 

!-S 25 

y 

jjjl 7-Chloro-1-<^dopropyl^fluoro-1,2,3>^ acid ethyl ester, 3 



m 



m 



ao In absolute ethanol (200 ml) was suspended the compound prepared in Example FF (3.0 g, 9.6 mmol) 
and sodium cyanoborohydride (0.7 g, 10 mmol) and three drops of concentrated HCI was added, giving a 
bright yellow solution. As the reaction progressed and was monitored by TIC (silica gel, CH2CI2/CH3OH 9:1 
v/v) additional aiiquots of concentrated HCI were added as needed to maintain the progress of the reaction. 
After six hours the reaction was quenched by adding it to 300 mi of water. The mixture was extracted 

35 several times with CHaCfe and the combined organic layers dried, filtered, and evaporated to a yellow solid. 
This solid was filtered through silica gel with CH 2 Cb and after evaporation the solid was crystallized from 
isopropyl ether. The collected crystals were further purified by column chromatography on silica gel with 
CH2CI2 to give the title compound (22. g, 73%). 

The following compound was prepared in the same manner 

40 a) 7-chloro-6-fluoro-1 ■(2 t 4-dlfluorophenyl)-1 ,2,3 t 4-tetrahydro-4-oxo-1 ,8pnaphthyridine-3-carboxyl1c add 

ethyl ester 



45 Example HH 



7-Chloro-1-cydopropyl-6-fluoro-2,3,4^^^ acid ethyl es- 

so tar 

Compound QQ (4.5 g, 14 mmol) was dissolved in THF (170 ml) and cooled to <-70*C. Then sec-butyl 
lithium (22.2 ml, 28 mmol, 1.3 M) was added dropwise over 30 minutes, always keeping the internal 
temperature <-70 # C. After stirring at -70 "C for one hour, methyl iodide (0.9 ml, 14 mmol) was added and 
5S the reaction stirred at -70* C for seven hours. The reaction flask was transferred to a Dewar containing 
drying ice/isopropanol and allowed to stand for 17 hours. At the end of this time period the reaction 
temperature had warmed to -25* C. The reaction was quenched by the addition of saturated NH*CI solution 
(50 mi) and diluted with an equal volume of CH2CI2. The organic layer was separated and washed with 



38 



EP 0 326 891 A2 



10 



18 



saturated NaCi solution, dried, filtered, and evaporated to an oil. This oil was purified by column 
chromatography on silica gel with ChfeCfe to give, after combining and evaporating the appropriate fraction, 
the title compound (3.91 g, 85%). 

Example II 



7-Chioro-1-cyclopropyl-6-fluoro-1 ,4^ihydro-5-rnethyl-4-oxo-1 ,8-naphthyrid]ne-3-carboxyllc acid ethyl ester 

Using the procedure of Reich, et al, J. Amer. Chem. Soc., (1975) 97. 5434, the compound prepared in 
Example HH (0.68 g r 2.1 mmol) was converted into the title compound (0.44 g, 64%). Purification was 
achieved by crystallization from isopropyl ether. -. 

Example JJ 



20 

3-Bromo»2£,6-trffluorobenzoic acid 

n-Butyl lithium (2.6 M in hexanes, 32 ml, 84 mmol) was added over 10 minutes to a solution of 
diisopropylamine (8.89 g, 88 mmol) in THF (80 mi) stirred under N* at 0*C. After a further 10 minutes at 

25 0* C, the solution was transferred by catheter over 40 minutes to a solution of 2,4,5-trifluorobromobenzene 
(1638 g, 80 mmol) in THF (200 ml) stirred under N 2 at -78* C. After a further 15 minutes the solution was 
blown through a catheter over -2 minutes onto a slurry of CO2 (-200 ml) in ether (400 ml) with vigorous 
stirring. When the COa evaporated the slurry was washed with dilute HCi (1 200 mi) and water (100 ml). 
* The organic phase was extracted with dilute NaOH (0.5 M. 2x100 ml). The aqueous phase was extracted 

ao with ether (2x100 ml), and the combined organic phases were washed with water (100 ml), saturated brine 
(100 ml), and dried (MgSO*). The solvent was removed under reduced pressure to give 3-bromo-2,5,6- 
trffluorobenzoic acid (17.25 g, 84.5%) as white microcrystalline needles; mp 114-6* C (sublimation). 



Example KK 



1 «Bromo-2,4,5-trifiuoro-3^trifluormethyl)ben2ene 

40 

3-Bromo-2,5,6-trifluorobenzoic acid (16.92 g, 66 mmol) was heaated with SF* (60 g) and HF (30 g) in a 
stainless steel bomb at 120* C for 8 hours. When the reaction cooled to 25 *C, the volatiies were vented 
through KOH traps, and when gas evolution ceased the vessel was extracted with CH2G2 (150 ml). This 
solution was washed with diluted NaHCOa solution (saturated/2, 50 mi), saturated brine (50 ml), and dried 
45 (MgSO*). The solvent was removed by distillation through a 15<m Vlgreux column, and the residue was 
distilled under N a through a shortpath stillhead at 147-150* C to give i-bromo-2.4,5-trifluoro-3- 
(trifluoromethyl)benzene (15.79 g, 83%) as a pale yellow oil. nmr (CDCI3) * 7.67 (1H, d of t J d 3 6 Hz, J t 
ai Hz, aromatic). 

50 

Example LL 



as 2,4 1 5-Trifluoro*3^trifluoromethyi)benzoic acid 

A solution of n-butyi lithium (2.6 M in hexanes. 9.6 ml, 25 mmol) was added dropwise through an 
addition funnel over 15 minutes to a solution of l-bromo-2,4 f 5-trifluoro-3-(trifluoromethyl)benzene (7.00 g, 25 
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ill 



10 



T6 



mmoO In ether (100 ml) stirred under Na at -78 # C. ARer 5 minutes the mixture was rapidly blown by 
catheter onto a suspension of dry Ice (100 g) in ether (100 ml). After 5 minutes TFA (2 ml) was added to 
this. When the solution had warmed up to 20* C, it was washed with diluted HQ (0.5 M, 20 ml), and 
extracted with dilute base (0.5 N, 2x50 ml). The combined basic extracts were washed with ether (25 ml), 
made acidic with concentrated HQ (-4 ml), and extracted with ether (3x50 ml). The combined ethereal 
extracts were washed with water (50 ml), saturated brine (50 ml), and dried (MgSO*). The solvent was 
removed under reduced pressure to give 2.4,5-trlfIuoro-3-(trifluoromethyl)benzoic acid (4.21 g, 69%) as 
white microscopic needles: mp 87-90*C. Nmr (COCa) 5 11.80 (1H f br s, OH), 8.05 (1H ( d of t J<j * 8 Hz, Jt 
* 9 Hz, aromatic). 

Example MM 



N-(2-Hydroxy-1 ,1 Hfimethylethyl^^S^fiuoro-a-trifluoromethyQbenzamide 



A solution of 4.88 g (20.0 mmol) of 2,4,5-trifluoro-3-(trtftuoromethyl)benzoic acid, 2.80 g (22.0 mmol) of 
oxalyi chloride, and 50 ml of methylene chloride was treated with 1 drop of OMF and stirred at room 
20 temperature for 4 hours. The solution was concentrated to a yellow oil which was dissolved In methylene 
chloride (20 ml) and added to a cold (ice bath) solution of 2.53 g (25 mmol) of tristhylamine, 1.96 g (22 
mmol) of 2-amino-2-methyl-1-propanol, and 40 ml of methylene chloride. The mixture was allowed to warm 
J3 slowly to room temperature overnight The solution was poured into 50 ml of 1 N HQ, and the organic layer 

Q was separated and washed with water. The solution was dried over magnesium sulfate and concentrated to 

p 25 give 5.81 g of the title compound as a yellow oil. 



Example NN 



30 



2«[2A5-Trffluoro-3-(tnTluorQmetW^ 

A solution of 5.81 g (18.4 mmol) of N-(2-hydroxy-1 .l-dimethylethyl^.^S-trifluoro-SKtrifiuoromethyl)- 
3S benzamide in 100 ml of chloroform at 0*C was treated dropwise with 5 ml of thionyl chloride. The mixture 
was allowed to warm to room temperature overnight The solution was concentrated to a yellow oil which 
was dissolved in 20 ml of OMF and treated with 0.8 g (21.6 mmol) of 60% sodium hydride. This reaction 
O mixture was stirred at room temperature for 18 hours, then poured into 50 ml of dilute NaHCOa. The 

solution was extracted with ethyl acetate; the organic phase was washed with water and dried over 
40 magnesium sulfate. Concentration in vacuo gave an orange oil which was chronrtatographed on silica, 
eiuting with 2% methanol in chloroform, to give 2.62 g of a yellow oil. 

Example QO 



2-2 f 4,5-Trffluorp^trffluorometiiy^ 

so A solution of 1.12 g (11 .0 mmol) of diisopropylamlne in 5 ml of THF was cooled to 0* C under nitrogen, 
treated with 4.0 ml of 2.5 M n-butyllithium, and stirred for 10 minutes. This lithium diisopropyiamide solution 
was added dropwise to a solution of 238 g (8 mmol) of 2-t2.4,5-trifiuoro-3-(trifluoromethyl)phenyil-4> 
dimethyl-2-oxazoiine in 5 ml of THF at -78* C. The solution was stirred at -78 'C for one hour, then 
quenched with 2L24 g (16 mmol) of methyl iodide. The mixture was allowed to warm slowly to room 

55 temperture, stirred for one hour, and poured Into 10 ml of 1 N HCl. This solution was extracted with ether, 
and the extract was washed with water, dried over magnesium sulfate, and concentrated to give 2.28 g of 
the title compound. 
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Example PP 



e 3^o-amino)-8-a2abicydo(3.2.1 loctane, dlhydrochtoride 

A mixture of 4.6 g (20 mmole) of 8^hsny!methyl>-^azabicyclo[3^1]octan-3-one v oxime [J. R. Bagley 
and T. N. Riley, J. Heterocyclic Chem., 19, 485 (1982)1 0.5 g of 10% rhodium on carbon, and 100 ml of 
acetic acid was hydrogenated until the requisite amount of hydrogen was taken up. The reaction mixture 
to was filtered and two equivalents of HCI was added. The solid was filtered to yield ISO g of the title 
compound, mp >300 * C. 

Example QQ 

75 

3(Endo-amino)*8-azabicydo[3.2.1 loctane, dihydrochloride 

20 A solution of 7.33 g (25 mmol) of 3Hendo^ino)-8Kphenylmethyl)-8-azabicycio(3^.1 loctane dihydroch- 
loride [P. Dostert et al, Eur. J. Med Chem.-Chim. Ther., 19, 105 (1984)1. 1.0 g of 20% palladium on carbon 
and 100 ml of methanol was hydrogenated until the required amount of hydrogen was taken up. The 
reaction mixture was filtered and the filtrate was evaporated to 4.5 g of the title compound which was used 
without purification. 



Example 1 



30 

1-Cyclopropyh6,8-difluoro»1 t 4KJihydro*5'methyl4H^-7^l-plpera2inyi>^uinolinecarboxylic add 

A suspension of 0.85 g (2.85 mmol) of lK^clopropyW,7,8-trifluoro-1,4^hydro-5^ethyl-4-oxo-3- 
quinolinecarboxylic acid. 1.00 g (11.6 mmol) of anhydrous piperazine, and 20 ml of acetonitriie was refiuxed 
35 for five hours, then stirred at room temperature overnight The precipitate was filtered, washed with water 
and acetonitriie, and dried to give 0.91 g of the title compound, mp 205-206* C. 

Example 2 

40 

7^3-Amino-l j3yrrolidInyl)M^yctoprop^^ acid 

45 A mixture of 1.00 g (3.38 mmol) of l^ciopropyW,7,8-trffluorcM,4<^ 

carboxylic acid, 0.63 g (3.38 mmol) of 3-{t-butoxycarbony0aminopyrrolidlne, 1.00 g (9.91 mmol) of 
triethylamine, and 35 ml of acetonitriie was refiuxed for five hours, then stirred at room temperature 
overnight The precipitate was filtered and washed with acetonitriie and ether. The crude product was 
suspended in 20 ml of 6M hydrochloric acid and 20 ml of glacial acetic add and was heated at 60* C for 

50 two hours. The solution was concentrated to an oil which was triturated with isopropanol. The solid was 
filtered and washed with ether to give 1.04 g of the title compound as the hydrochloride salt mp >300* C. 

Example 3 

55 

1^yclopropy^3^(ethyiamino)methy^ 
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qulnolinecarfaoxyflc acid 

A mixture of 0.80 g (2.70 mmol) of 1<yclopropyWJ,8-trifluofo-1,^^ 
quinollnecarboxylic acid, 0.41 g (320 mmol) of N-ethyl-3-pyrrolidinemetharmmlne, 0.82 g (8.10 mmol) of 
triethylamine, and 25 ml of acetonitrile was refluxed for four hours, then stirred at room temperature 
overnight The precipitate was filtered, washed with acetonftrile and ether, and dried to give 0.90 g of the 
title compound, mp 198-199* C. 



70 Example 4 



7^3-(Amlnomethyl)^ethyH 
r5 quinoiinecarfaoxylic acid 

A mixture of 0.60 g (2.02 mmol) of 1<yclopropyW,7 l 8-trifluoix>1,4-dihydro-5-methyl-^xo-3- 
quinolinecarboxyfic acid, 0.28 g (2.45 mmol) of 3-methyi-3-pyrrolidinemethanamine, 0.61 g (6.06 mmol) of 
triethylamine, and 20 ml of acetonitrile was reftuxed for four hours, then stirred at room temperature 
20 overnight The precipitate was filtered, washed with ether, and dried to give 0.61 g of the title compound, 
mp 182-184" C. 



25 



35 



Example 5 



1 -Cyclopropyl-6 f 8-difluoro-1 ,4-dihydro-5-methyl-7-{3-methyi-1 -piperazinylH*oxo^-quinolinecarboxylic acid 

* » 
30 A suspension of 0.80 g (2.69 mmol) of 1-^clopropyW,7,8-trifiuoro-1,4-<lihydro-5-methyl-4-oxo-3- 
quinolinecarboxyllc acid, 1.08 g (10.8 mmol) of 2-methylpiperazine, and 20 ml of acetonitrile was refluxed 
for three hours, then cooled in an ice bath. The precipitate was filtered, washed with water and acetonitriie, 
and dried to give 0.76 g of the title compound, mp 187-188* C. 



Example 6 



40 1 -CyciopropyHHIuoro-1 t 4-dihydro-5-me%M-oxo-7»(1 -piperazinyl)-3-quinolinecarboxy lie acid 

A suspension of 0.70 g (2.50 mmol) of 1-cyclopropyl-6,7-difluoro-1,4Kiihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 0.88 g (10.0 mmol) of anhydrous piperazine and 20 ml of acetonitrile was refluxed 
for five hours, then stirred at room temperature overnight The precipitate was filtered, washed with water 
46 and acetonitrile, and dried to give 0.85 g of the title compound, mp 226-228* C. 

Example 7 



so 



1 -Cyclopropyl-6-fluoro-1 ,4-dihydro-5-methy l-7-(3-methyM -piperaziny l)-4H3XO-3-quinollnecarboxyllc acid 



A mixture of 0.75 g (2.68 mmol) of 1^clopropyl-6 t 7-difluoro-1,4-dihydro^ 
55 boxy lie acid, 1.07 g (10.4 mmol) of 2-methylpiperazine and 30 ml of acetonitrile was refluxed for five hours, 
then stirred at room temperature overnight The precipitate was filtered, washed with water/ethanol and 
acetonitrile, and dried to give 0.42 g of the title compound, mp 189-192 * C. 
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Example 8 

5 7-(3-Amtn<H-pyrrcHdlnyl>1 -cydopropyt-frffuofO-1 l 4^ihydro-5^ethyM^xi>^uinoflneca^ acid 

A mixture of 0.70 g (2.50 mmol) of 1 -cyclopropy W,7-dffluon>1 , 4^ihydn>-5^ettryM^)co-3-quinoIlnecar- 
boxync acid, 0.56 g (3.00 mmol) of 3^Wutoxycarbonyl)aminopyrrolidine, 0.78 g (7.52 mmol) of 
triethylamine, and 25 ml of acetonilrile was refluxed for 4.5 hours, then stirred at room temperature 
io overnight The solids were filtered and washed with acetonitrile and ether. The crude product was dissolved 
in 20 ml of 6N hydrochloric acid and 20 ml of acetic acid and was stirred at room temperature for three 
hours. The solution was concentrated to an oil which was triturated with 2:1 etherisopropanol. The solids 
were filtered and washed with ether to give 0.95 g of the title compound as the hydrochloride salt mp 
>300*C. 



19 



Example 9 



7^Aminomethyi)-3-methyh1-pyTrolldinylh1 -cyclopropyl-6-fluoro-l ,4^1hydro-5-methyl-4-oxo-3- 
qulnolinecarfaoxylic acid 

A mixture of 0.61 g (2.18 mmol) of l<ydopropyW,7-difluoro-1,4<iihydro-5^ 
boxylic acid, 0.56 g (2.61 mmol) of 3^(rtutoxycarbonyl)aminomethyl]-3-methylpyrrolidine f 0.66 g (6.54 
mmol) of triethylamine, and 25 ml of acetonitrile was refluxed for six hours, then stirred overnight at room 
temperature. The precipitate was filtered and washed with acetonitrile and ether. The crude product was 
suspended in 20 ml of 6N hydrochloric add and 20 ml of glacial acetic acid and was stirred at room 
temperature for three hours. The solution was concentrated and the residue was triturated with ether. The 
solid was filtered and washed with ether to give 0.61 g of the title compound as the hydrochloride, mp 250- 
252* C, 



Example 10 

35 

8-Chloro-1-cyclopropyl-6-fluoro-1 ,4Kjlhydro-^ethyl-4-oxo^^ add 

40 A suspension of 0.38 g (1 .21 mmol) of 8-chioro-1-cyclopropyi-6,7-difiuoro-1 ,4-dihydro-5-methyM-oxo-3- 
quinolinecartxsxylic add, 0.42 g (4.88 mmol) of piperazine and 20 ml of acetonitrile was refluxed for four 
hours, then stirred at room temperature overnight The precipitate was filtered and washed with water and 
acetonitrile to give 0.32 g of the title compound, mp 234-235* C. 

46 

Example 11 



so 733-Amln^^ 
ad? 

A mixture of 0.50 g (1.60 mmol) of 8<hloiXh1<yclopropyM,7^ifiuoro-1,4-dlhydro-5^ethyl^xc^3^ 
quinolinecarboxyllc acid, 0.36 g (1.93 mmol) of 3^t-butoxycarbonyl)aminopyrrolidine ( 0.48 g (4.75 mmol) of 
55 triethylamine, and 20 ml of acetonitriie was refluxed for four hours, then stirred at room temperature 
overnight The solution was concentrated and the residue was triturated with ethenhexane (1:1) and filtered. 
The solid was washed with water and hexane. The crude product was suspended in 15 ml of dich- 
loromethane and 1.5 ml of trifiuoroacetic add and was stirred at room temperature for four hours. The 
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solution was concentrated to a gold solid which was suspended in water, made basic (pH 11) with 10% 
sodium hydroxide, and filtered. The solution was then neutralized (pH 7.10), and the precipitate was filtered 
and washed with water to give 0.29 g of the title compound, mp 124-126* C. 



Example 12 



to 1 -Ethyl-6 t 8-difluoro-1 ,4-dihydro-5-methyl-4-oxo-7-(1 -plperaziny l)-3-quinoilnecarboxytic acid 

A mixture of 0.45 g (1.58 mmol) of l-ethyWJ.S-trifluoro-l^ihydro-^ 
ylic acid, 0.54 g (6.27 mmol) of anhydrous plperazine, and 20 ml of acetonitrile was refiuxed for three hours, 
then cooled to room temperature. The solids were filtered and washed with water, acetonitrile, and ether to 
75 give 0.48 g of the title compound, mp 223-225*0. 



Example 13 



7-(3-Amino-1-pyroHdlnylH-ethyl^ acid 

A mixture of 0.36 g (1.25 mmol) of 1-ethyl-6,7,8-trifluoro-1,4-dirrydr^^ 

25 yiic acid, 0.26 g (1.39 mmoi) of 3-(t-butoxycarbony!)aminopyrrolidine ( 0.38 g (3.76 mmol) of triethylamlne, 
and 20 ml of acetonitrile was refiuxed for five hours, then stirred at room temperature overnight The solids 
were filtered and washed with acetonitrile and ether. The crude product was dissolved in 5 ml of 6N 
hydrochloric add and 5 mi of glacial acetic acid and stirred for five hours at room temperature. The solution 
was concentrated to a solid which was suspended in water, made basic (pH 12), filtered through a 

so fiberglass pad, and neutralized (pH 6.8). The solids were filtered and washed with water to give 0.32 g of 
white solid, mp 21 8-220 * C. 

Example 14 

35 

6.8-Difluoro-1-(2,4-difluorophenyl)-1 ,4-dihydro-5-methyl-4-oxo-7-{1 -piperazinylVs^quinolinecarboxyHc acid 

40 A solution of 0.43 g (1.08 mmol) of ethyl 6,7,8-trffluoro-1-<2,4-difluorophenyl)-1,4-dihydro-5-methyl^ 
oxo-3-quinolinecarboxyiic acid, 0.37 g (4.30 mmol) of anhydrous piperazine, and 20 ml of acetonitrile was 
refiuxed overnight, cooled to room temperature, and concentrated. The residue was taken up in 10 ml of 6N 
hydrochloric acid and refiuxed for two hours. The mixture was cooled and the solids were filtered. The 
crude product was suspended in water which was made basic (pH 12), filtered through a fiberglass pad, 

45 and neutralized (pH 6.5). The solids were filtered and washed with water and ether to give 0.37 g of the title 
compound, mp 283-284* C. 

The following compound was prepared following the same procedure: 

a) 6,8-Dlfluoro-1 -(2,4-drfluorophenylH ,4-dihydro-5-methy K7-{3.5-dlmethy 1-1 -plperazlnylH-oxo-3- 
quinolinecarfaoxylic acid, mp 240-242 C. 

50 



Example 15 



7-<3-Amlno-1-pyrrottdinyl)-e f S-difluoro-1 -<2,4-difluorophenyl)-1 ,4-dihydro-5-methyM-oxo-3- 
quinoiinecarboxylic acid"" 
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A solution of 0.4O g (1.00 mmol) of ethyl 6J,8^uonhH2,4^uorophenyl)-l l 4Kllhydro-5^ethyl^ 
oxch3-quinollnecarboxync add, 022 g (1.18 mmol) of W-butoxycartwnylamlnopyrroRdine, 0.30 g (3.00 
mmol) of triethylamine, and 15 ml of acetonitrile was refluxed for 18 hours. The mixture was cooled and 
concentrated. The residue was dissolved in 10 ml of 6N hydrochloric add, refluxed for three hours, and 
s cooled to room temperature. The solids were filtered, washed with water and ether, and suspended in water. 
The suspension was made basic (pH 12) and filtered through a fiberglass pad, ad the filtrate was 
neutralized to pH 6.7. The solids were filtered and washed with water and ether to give 0.38 g of the title 
compound, mp 230*232* C. 

10 

Example 16 



r5 e,8-Difluoro-1 ( 4Hjihydro-5^nethyl^oxo-7-(1-piperazinyl)-1 -vinyl-3-quinolinecarboxylic add 

A solution 0.69 g (1.80 mmol) of ethyl ej.&^rffluorcM^ihydro-S-methv^ 
boxylate, 0.62 g (72 mmol) of anhydrous plperazine, and 20 mmol of acetonitrile was refluxed for 18 hours, 
cooled, and concentrated The residue was suspended in 25 ml of 1N sodium hydroxide and heated at 
20 80 *C for 90 minutes. The dear yellow solution was cooled to room temperature, filtered, and neutralized 
(pH 6.8) with 6N hydrochloric add The solids were filtered, washed with water and ether, and dried to give 
0.32 g of the title compound, mp 222*225* C. 

The following compound was prepared in identical fashion: 
a) 6,8-Oif1uoro-1 ,4Klihydro-5^nethyl-7-(3Hfnethy H -piperaziny l)-1 -viny KS-quinollnecarboxyllc acid, mp 

25 232-235*5 



Example 17 

00 



6-HuoixH-(2,4Kflfluorophenyl)-1 ,4-dihydro-5-methyl-4^xo-7-(1^ acid 

35 A solution of 0.76 g (2.00 mmol) of ethyl 6 ( 7-difluoro-1-(2,4^ffluoiT>phenylH.^ihy^ 

3-quinolinecartooxylate, 0.69 g (8.00 mmol) of anhydrous piperazine, and 30 ml of acetonitrile was refluxed 
for 18 hours, cooled, and concentrated. The residue was dissolved in 20 ml 6N hydrochloric acid and 
refluxed for three hours. The suspension was cooled, concentrated by half and filtered, and the solids were 
washed with water. The crude product was suspended in water which was made basic (pH 12), filtered, and 

40 neutralized to pH 6.8. The precipitate was filtered and neutralized to pH 6.a The precipitate was filtered, 
washed with water, and dried to give 0.58 g of the title compound, mp 198-200* C. 

The following compounds were also prepared by following essentially the same procedure: 
a) 6-auoro-1-(2,4-dffluorophenylH,4-dlh^^ 
quinollnecarboxylic acid, mp 188-191 C; 

43 b) 6-Fiuoro>H2,4-dlfiuorophenyl)-1 ,4-dihydro-5-methyl-7-(3,5HJlmethyl-1 -piperazinyl)-4-oxo-3- 

qulnollnecarboxylic acid, mp 213-215 C; 

c) 7-(3-Amin6Tpyrrolidinyl)^-fluoro-1 -(2,4-difluorophenyl)-1 ,4-dihydro-5-methyl-4-oxo-3-quinoiinecar- 

boxylic add, mp 232-234^5; 

d p^3-(Ethylamino)methyH .pyrrolldlnyl]-6-fluoro-1 -<2,4<lrfluoropheny 1)-1 ,4-dlhydro-5-methy M-oxo-3- 

50 quinoiinecarboxyiic add, mp 196-198 C; and 

e) 7-{3-(AmiT^ethyl)-3^ethyl-1-pyrrolldinyll-6-fluoro-1 -(2,4-dlfluorophenyl)-l ,4-dihydro-5-methyM- 

oxo-3-quinoHnecarboxyllc acid, mp 181-184 C. 



55 
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7^AminO'1^yrrollcUnylV1<yciopropyh6^uoft>1 ,4-dihydro-5-methy}-4-oxo-1 ,8-naphthyridne-3-carboxyllc 

acid 

Triethylamine (0.17 ml. 12 mmol). 3^1,1-dimethylethoxyca^^ (022 g. 2.1 mmol) 

5 and 0,39 g (12 mmol) of 7-ch!oro-1 -cydopropy l-6-fluoro-1 ,4-dihydro-S-methy W-oxo-1 ,8-naphthyridine-3- 
carboxylic acid ethyl ester were dissolved In acetonftrile (10 ml) and the mixture heated to reflux tor four 
hours, then cooled and diluted with ether (50 ml). This solution was washed with saturated solutions of 
KHCOa and NaCI and dried over NaaSO*. It was necessary to add ChhCta to maintain a homogeneous 
solution. After filtration and evaporation the product was dissolved in ether and allowed to stand. The 
io crystals formed were collected to give 0.56 g of the intermediate ester. The Intermediate ester was 
dissolved In acetic add (15 ml) and 6N HCI (1 ml) was added and the mixture heated to reflux for two 
hours, then evaporated to a gum. This gum was dissolved in ethanol (10 ml), and 5N NaOH (2 mi) was 
added and the mixture stirred for two hours. The reaction was evaporated to a gum and dissolved In water 
(60 ml) to give a solution at pH 12. The pH was adjusted to 6.5 and the solid formed collected and washed 
rs with water and dried to give the title compound (028 g). 
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Example 19 

1-Cydopropyl-6-fluoro-1 ,4Kiihydro»5-methym*oxo-7-(1 -piperazinylH t 8-napmfryridine-3-carboxytic acid 
The procedure used in Example 18 was employed to prepare the title compound In 58% yield. 

Example 20 

1-Ethyl-6-fluoro-1 ^mydro-5-memyM-oxo-1-(piper^^ acid 



A suspension of 0.67 g (2.50 mmol) of 1-emyl-6,7-difIuoiTM,4-dihydro^ 
boxyfic add, 0.88 g (10.0 mmol) of anhydrous piperazine, and 25 ml of acetonitrile was refiuxed for six 
as hours, then cooled to room temperature. The solids were filtered, washed with water and ether, and dried to 
give 0.58 g of the title compound, mp 225-227* C. 

The following compounds were prepared by following essentially the same procedure: 
a) i-Ethyl-7H3«[(emylamino)meW 
boxy lie acid, mp 180-182 C. 
40 — b~-(3-Amlno-1 -pyrrolidinyl)-1 -ethyl-6-fluon>1 t 4^ihydro^ethyl-4<P(0-3^uinollnecarboxy tic acid, 

mp 210-213 C. „ 

C ) i-Ethyl-6-fluoro-1,4<iihydro-^ E!£ 

mp 228-231 C. ^ M 

d ) i-Ethyh6-fluoro-1.4KHhydro-5-m 

45 add, mp 219-221 C. " 

Q ) 7-[3-(Aminomethyl)-3-methyM -pyrrolidinyl]-1 -ethyt-6-fluoro-1 ,4-dihydro-5-methyl-4-oxo-3- 

quinoiinecarboxyllc acid, mp 223-225 C. 



50 



Example 21 



55 7-[3^Endo-aminoh8-azabicyclo(32.1 ]oct-8-y l]-8-chloro-1 -cyclopropy l-6-fluoro-i ,4-dlhydro-5-methy l-4-oxo-3- 
quinol inecarboxylic 

A mixture of 0.50 g (1,6 mmol) of 8-chloro-1-cydopropyl-6.7-dffluoro-1^ 
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quinollnecarboxylic acid, 0.36 g (1.8 mmol) of 3^endo-aminoh8-azablcyclo(3^.1loctane dihydrochloride, 
0.72 ml (4.8 mmol) of 1 I 8-diazabicydo[5.4.0]undec-7-ene and 15 ml of acetonHrile was healed at reflux for 
18 hours. The suspension was cooled to room temperature, diluted with ether, and refrigerated. The 
resulting soOd was filtered, washed with ethanol and ether, and dried to give the title compound. 
The following compounds were prepared in identical fashion: 
Example a. 7-{3-{endo-amino)-8-azabicycio[3^1 ] * oct-8-ylh6,8Klifiuoro-H2,4-difluorophenyll-1.4- 
dlhydro^-methyl-4-oxo-3-qunilinecarboxylic acid. 

Example b. 7^endo^no>*«abieyc!ol^ 
methyI-4H5xo-3Kjuinoilnecarbo>cylic add. 



Claims 

is 1. A compound of formula 



20 




i 



25 

or a pharmaceutical^ acceptable acid addition or base salt thereof wherein Z is 



35 . 
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N N— 



4Q wherein R* is hydrogen, alkyi of from one to four carbon atoms, a cycloalkyl of from three to six carbon 
atoms, R is hydrogen, hydroxyl, alkyi of from one to four carbon atoms, phenyl or phenyl substituted by 
halogen, alkyi or alkoxy, n is an integer of from 0 to 4, Rs and Rs are each independently hydrogen, lower 
alkyi or cycioaikyi; 

X is CH, CF, CCI, CBr, N, CCF 3 , CNH 2 , CN02, CR, or COR wherein R is lower alkyi and R is hydrogen or 
4 5 lower- alkyi; 

R3 is lower straight branched, or cyclic alkyi of from one to three carbon atoms; 

R2 is alkyi of from one to four carbon atoms, vinyl, haloalkyi, hydroxyalkyl of from two to four carbon atoms, 
cycloalkyl of from three to six carbon atoms, phenyl or phenyl substituted by halogen, alkyi, NH2 or OH; 
and 

50 R1 is hydrogen, alkyi of from one to six carbon atoms, or a cation. 

2. A compound according to Claim 1 , wherein X is CH, CF, CCI or N. 

3. A compound according to Claim 1 , wherein R2 is cyclopropyl, ethyl or 2,4-difluorophenyl. 

4. A compound according to Claim 1, wherein R3 methyl, ethyl, isopropyi, or cyclopropyl. 

5. A compound according to Claim 1 , wherein R1 is hydrogen or a pharmaceutical^ acceptable base 
55 salt thereof. 

6. A compound according to Claim 1, wherein Z is 
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5 




70 

wherein R4 is hydrogen, methyl or cyclopropyl, R' is hydrogen or methyl, n is 0, 1, or 2, Rs and R« are 
each Independently hydrogen or methyl. 

7. A compound according to Claim 6 wherein Z Is selected from the group consisting of: 

1$ 
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8. A compound according to Claim 1 and selected from the groups consisting of. 
1-cycJopropyH3.8-difiuoro-1 ,4-dihydro-5^e%l-4^xo-7-(1-piperaziny^ add t 
7-(3-amino-1-pyrrolidinyl>-1-cyciopropyi-6,8-difiuoro-1 ,4Klihydn>-5-methyl-4KJxo^^lnonnecarboxyU acid, 
1 -cydopropyi-7-{3^{ethylamlno)methy 0-1 -pyrroUcfinyl[-6,8-difluoro-1 ,4-dihydn>5-methyi-4-oxo-3- 

5 quinolinecarboxyiic add, 

7-{3-(aminomethyl)-3-methyl-1-pyrroiidinyl-1 -cydoprapyi-8,8-difluoro-1 ,4-dlhydro-5-methyM-oxo-3- 
quinolinecarboxylic acid. 

1^ydopropyl-6,8^ifluoro-1.4-dihydrO'5^etty^^ add, 
l-cyclopropyi-6-fluoro-1 ,4^ihydn>£Hrnethyl-4-Gxo-7-<1-pfc^ add, 
70 1 -cyciopropyl-6-fluoro-1 ,4-dihydro-5-methyf-7-(3^ethyM -plperarinylH-oxo-3-quinolinecarboxylic acid, 
7^-amino-li)yiTOlidinyi)-1-cyclopropyl-8^iuoro-1 ( 4^hydro-5nnethyl-4-oxo^uinolinecarboxyfic add, 

7- [3-(aminomethy l)-3-methyM -pyrrolidinyl]-1 -cyclopropyt-6-fluoro-1 ,4-dihydro-5-methy W-oxo-3- 
quinoilnecarboxylic add, 

8- chloro-1-cyclopropyl-6-fluoro-1 P 4-dIhydro-5-methyl-4Hjxo-7-(l-pip^ acid, 
75 7-(3-amlno-1-pyrrolidinyl)-8<hloro-1- cyclopropyl^fluonH ,4Klihydro-5^ 

acid, 

1-ethyl-6,7-difluoro-1 ,4^ihydro-5^efliyl^xo-7^1»piperaanyl)^uinolinecarboxylic add, 
7-(3-amino-1 •pyrTOlidinyl>-1-ethyl-6,8-difluoro-1 .4-dihydro-5-methyl-4HDxo-3-qulnolinecarboxyllc add, 
6*difluoro-1-(a4-difluorophenyl)-1 ,4^ydro-^ethyl^xo-7-(l-piperaz^ acid, 
20 6,8-dif Iuoro-1 -(2,4-difluoropheny l)-1 ,4-dihydro*5-methy l-7-(3,5-dimethyM -piperazinylH-oxo-3- 
quinolinecarboxylic acid, 

7-(3«amino-1 «py rolidinyl)-6.8«iifiuoro-1 -(2,4-difluoropheny ,4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic add, 

6,8-difluoro-1 ,4Klihydn>6-methyl-4-oxo-7-(1-pipera2inyl)-1 -vinyl-3-quinolinecarboxyiic acid, 
25 8,8-difluoro-1 ,4^ihydro-5-methyl-7-(3-methyM«p!pera^^^ add, 

6- fluoro-H2,4-difluorophenyl)-1 ,4<lihydro-5^ethyl-4-oxo-7-(1-pipera2inyl)-3-quinolin9carboxylic add, 
e-fluoro-1 -(2,4-difluorophenyl)-1 ,4-dihydro-5^ethy l-7-(3-methyl-1 -pipei^nyl)-4-oxo-3-quinolinecarboxy lie 
add, 

• 6-fluoro-1 -(2,4-difluoropheny IH.4^ihydror5-meth^ 
so quinolinecarboxyiic add, 

7- (3-amino-1 -pyrrolidiny l)-6-fluoro-1 -(2,4-difluoropheny l)-1 p 4-dihydro-5^nethyT-4-oxo-3-quinoIinecarboxy lie 
acid, 

7- [3-(ethylamino)methy M -pyrrolidinyl]-6-fluoro-1 -(2,4-difluoropheny l)-1 ,4-dihydro*5-methy M-oxo-3- 
quinolinecarboyxlfc add, 

35 7-[3-(aminoethyl)-3-methyM -pyrrolidinyl-6-fluoro-1 -(2,4-difluorophenylH ,4-dihydro-5- methyl-4-oxo-3- 
quinolinecarboxylic add, and pharmaceuticaily acceptable salts thereof. 

9. A compound according to Claim 1 and selected from the group consisting of 1-cyclopropyi-7-{3- 
amincM-pyrrolidinyl)-6-fluoro-5-m9% acid ethyl ester and 
1-cyclopropyl-7-(piperazinyl)-6-fluoro-5-methyl-1 ,4-dthydro-4-oxo-1 ,8-naphthyi1dine-3-carboxyllc acid ethyl 

40 ester. 

10. A compound according' to Claim 1 named 7-{3-(endo-amino)-8-azabicyclo[3.2,1]oct-8-yl]-8<hloro-1- 
cycIopropyl-6-fiuoro-1 ,4-dihydn>5-methyl-4-oxo-3-quinolinecarboxylic add. 

11. A pharmaceutical composition comprising an antibacteriaily effective amount of compound accord* 
ing to Claim 1 together with a pharmaceuticaily acceptable carrier. 

45 12. A method of treating bacterial infections in mammals which comprises administering to said 
mammal a pharmaceutical composition according to Claim 11. 

13. A process for the preparation of a compound according to Claim 1 which comprises reacting a 
compound of formula 
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wherein L is fluorine or chlorine with an amine corresponding to Z as defined In Claim 1 and, if desired, 
converting the resulting product to a pharmaceuticaiiy acceptable acid addition or base salt thereof by 
known means. 

14. A compound named lH^dopropyW,7 I 3-trifluoro-1,4Kilhydn>6^ethy 
5 acid ethyl ester. 

15. A compound named 2,3,4,5-tetrafluon>6HnethyIben2oic acid. 

16. A compound named 2 t 3,4,5-tetrafluoro-6-methylbenzoyl chloride. 

17. A compound named ethyl 3^2,3A5-tetrafluoro-6^ethylpher»yl)-/S-oxo-propanoate. 

18. A compound named ethyl 2K2,3,4 f 5-tetrafluon>6^ethylbenro 

10 19. A compound named ethyl 2^2A4 I 5^trafiuoro^ethylbeii2oy^ 

20. A compound named 2^2A5^uoro-^methylsilyiphen 

21. A compound named 2^2 4 4,5^uoro^methyM^methyltf^ 

22. A compound named 2^2,4 t 5^uorophenylH f 4-dimethyl-2«oxazoline. 

23. A process for the preparation of compound of formula 



25 wherein R is alkyl which comprises reacting a pentafluorooxazoline with alkyl lithium producing a compound 
of formula 



75 
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followed by acidic hydrolysis. 

24. A process for the preparation of compounds of formula 



R 




50 



wherein R is alkyl which comprises 

(a) reacting a compound of formula 
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with a base and trimethylsily chloride producing a compound of formula 




SiMe 3 



(b) reacting that compound with a base and an alkythalide producing a compound of formula 




SiMe 3 



(c) removing the SiMe3, and 

(d) hydrolyzing the resulting compound. 

25. A process for the preparation of compounds of Formula I by 
(a) reacting a compound of formula 




I 

R 2 



with oxaiyl chloride and dimethyfformamide and quenching with alcohol to produce the corresponding ester 
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0 0 



s CI N N 

I 

10 (b) reducing the double bond to produce a compound of formula 

0 0 



75 

I 

R 2 



20 



(c) treating the compound from step (b) with a base, then methyl iodide to produce the alkylated 
compound 



as ^3 2 9 

P, 



CI ir*N - 

(d) reintroducing the double bond and reacting the resulting naphthyridlne with the desired amine by 
35 known means. 

29. Use of a compound according to Claims 1 to 10 for the preparation of antibacterial pharmaceuticals. 
27. Process for the preparation of antibacterial pharmaceuticals comprising the incorporation of a 
compound according to Claims 1 to 10 into a pharmaceuticaily acceptable carrier. 
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